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Keynote Address 



Effects of Solar Radiation 

on Man 



by Henry L. Logan, Holophane Company, Inc. 

Abstract- Because of his critical interior temperahire, man's life expectancy is 
largely dependent on his control over his external natural environment Le., 
control over the direct and indirect effects of solar radiation. It is the function of 
building to provide the optimum rangeinman's environment, taking into account 
the ^ects of the seasons, temperature, humidity, light uniformity of climate, static 
atmospheric charge, and air movement on mem's energy, health, safety, and 
longevity. Vfe need to learn more about designing buildings to enclose a specif^ 
optimum climate, insidating their occupants from unfavorable variations of 
solar radiation and developing the optimum ^ermostable state for unimpeured 
physiological performance. 

S. F. MARKHAM, in his Climate and Energy of Nations comments. 
“Man may be Jie highest product of the animal kingdom, the most 
intelligent and a superb triumph of evolution, but his control of body 
temperature is feeble compared to that of many animals. . . . Many 
animals c&i suffer a change of ten degrees in their body tempera- 
ture without inconvenience, but man must keep his body temperature 
near 98.6° F or die." (8) 

This critical interior temperature of man appears to be a focal 
phenomenon influencing man’s development on this planet - and dic- 
tating the location of his origin. His origin had to occur at that place 
(or places) whire, as an unclothed, naked animal, external weather 
conditions were such as to maintain man’s internal temperature at 
the safe level. 

Man’s migration from his area of origin has finally covered the 
earth, but this has come about only because of man’s inventions — 
clothes, fire, and shelter. Strip him of the protection of his inven- 
tions and he dies. 

The entire history of shelter engineering reveals an unremitting 
effort by mankind to provide itself with an indoor climate that would 
reproduce as nearly as possible the climate to which man is best 
adapted, i.e., the climate of his place of origin. Markham reports 
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that research points to the neighborhood of the 70° F annual iso- 
therm as the probable location of man’s original habitat. (8) 

INiPORTANCE OF BUILDING 

Man’s basic physiological equipment has not changed since man 
first appeared, Biolog^cd evolution seems to have stopped with man. 
The various races of mankind are evidence that the process of bi- 
ological mutation in the direction of separate species began, but it 
was overtaken by a new type of mutation --invention — which first 
appeared in man. 

Man was able to migrate, by means of his inventions of clothing, 
fire, shelter, land and water transport, etc., and so was able to mix. 
The gradual merging of the sub-species of mr n has been going on 
from prehistoric times, with the result that despite differences in 
skin color and other minor physiological characteristics, man is 
one species. 

This has happened because man has elected to control his en- 
vironment, instead of submitting to the natural gamble of survival 
by the mutation route. In short, man changes his environment, in- 
stead of changing to fit it. 

It is this fact which gives the art of building its vast importance. 
It is essential to the survival of man; and lately the realization has 
been dawning that building is essential to help man realize h^s life 
potential. 

LENGTH OF LIFE AND CLIMATE CONTROL 

Evidence indicates that everyone at birth has a life potential of 
from 125 to 175 years. A few individuals have lived to 150 years, 
and beyond. However, most people die when less than half of their 
potential life span is complete, owing largely to the effects of hos- 
tile environments. 

Tests on the skeletons of prehistoric men show their average 
age at death to have been 18 years. Man paid a penalty for migrat- 
ing from his place of origin in a drastic shortening of his natural 
life expectancy. He migrated with the minimum of protection, open 
fires, inadequate clothing, and the crudest of shelter. 

Elective climate controls have developed in relaUvely modern 
times. Throughout most of man’s history the average person has 
had a very short life. Even in ancient Rome, the average length of 
life was only 33 years. 

Where data are available, they tend to confirm common experi- 
ence that life expectancy increases as the technological level rises, 
permitting more effective control over our environment. For ex- 
ample, life expectancy in the United States has increased from 66 
to 70 years between 1940 and 1960. 

Environmental control is very largely control over the direct 
and indirect effects of solar radiation. Building is one of the most 
common instruments used. 
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FUNCTION OF BUILDING 

Building has the function of takingtheloadof the frequently hos- 
tile natural environment off the human body. While the body can 
accommodate itself to a range of fluctuations in the external en- 
vironment, its limits of accommodation are fixed; and above and 
below them collapse and even death follow. Moreover, the range in 
which man can operate efficiently aiid maintain health over long 
periods of time, that is, the optimumrange, is very much narrower 
than the total range which man can accept. It is the function of 
buil<ling to provide this optimum range.^ 

This means, as Benjamin Handler pointed out, we have to "shift 
our perspective from the building, its parts and its installed equip- 
ment, to the environmental conditions created by them. The focus 
of attention becomes this environment, with the building and its 
components regarded as devices for the attainment of the environ- 
mental conditions required by those who live and perform their 
various tasks in it.” (4) 



ENVIRONMENT AND MAN 

1. The effect of seasonal climatic variations on physical activ- 
ity in the temperate zone. 

Studies by Ellsworth Huntington of Yale University (5) show that 
excessive dryness of indoor winter atmospheres (which are drier 
than that of the majority of deserts), produces a drop in physical 
activity. As the outside air warms up, and windows can be opened 



^ Dr. Hardy in his paper. Thermal Effects of Solar Radiation in Man 
(p. 19), shows the total range which man can accept without death 
quickly following; but man pa3rs a penalty for operating continuously 
outside the optimum range even for very small departures. This 
penalty is a speeding up of the aging process. Towards the limits 
of the total range, clinical evidences of accelerated aging become 
obvious in such ways as tissue breakdown, capillary ruptures and 
impairment of circulation, heart muscle deterioration, and hypoxia 
(failure to deliver enou^ oxygen to the brain). 

Clinical evidences of accelerated aging for small departures 
from optimum conditions are less obvious. The effects may take 
years to accumulate to a detectable point. However, their occur- 
rence is siqpported by the fact that mortality tables for the United 
States and Western Europe now show a life expectancy barely one- 
half the genetic potential. In environments with a very low techno- 
logical level, such as parts of Asia, life expectancy drops to about 
one-sixth of the genetic potential. 
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to counteriict the inside lack of humidity, human activity increases 
to a peak in June, and then drops under the influence of the exces- 
sive heat of summer. As the summer wanes, human activity re- 
sumes its rise to a peak in the autumn, and with onset of winter 
begins a decline to a low in February. With proper Indoor climatic 
control, these wide variations would not occur. 

Huntington’s studies show a different effect of seasonal varia- 
tions on mental activity. Here the peak occurs in March, with a 
minor peak in November, illustrating that a lower ambient tem- 
perature is desirable for mental work, as contrasted with physical. 
That is, an indoor climate favorable for academic or office work is 
not necessarily the same as that which promotes physical activity. 

2. The effect of temperature. 

Huntington’s study of 300 men in two Connecticut factories over 
a period of three years shows that human activity declines at both 
low and hig^ temperatures and reaches a maximum at between 59° 
and 70 F for physical work in the temperate zone. The optimum 
temperatwe becomes higher for more southerly climates. However, 
the variation in the optimum is dlig^t ~ not more than 10° to 15° F 

compared with variations in mean temperatures of the places in 
question. 

3. The effect of humidity. 

According to Huntington’s findings, humidity does not seem to 
be responsible for work fluctuations except as it is influeiiCed by 
t^I^rature. His findings show a diminution of work in dry weather, 
which has a bearing on the low level of the curve of himmn energy 
in winter. At that season the air in our space enclosures oueht to 
have a humidity of 60% or 65%, but most of the time it is only 20% 
or 30%. On very cold days the percentage is still lower. For in- 
stance, if the outside air is 14° F and has all the moisture it can 
hold, which is usually not the case, its relative humidity, when 
warned to 70 Fwillbeonlyl2%. The extreme aridity has a marked 
debilitating effect. It dries up the mucous membranes and greatly 
increases susceptibility to colds. It is one of the most important 
factors in the high death rates for February and March. 

4. The effect of light. 

Studies by Huntington of the same 300 men in two Connecticut 
factories, who worked mainly in natural light, show that the in- 
creasing natural light available from the end of January to the end 
of May increased work output at a faster rate than could be attrib- 
uted to the rising temperature and more favorable humidity condi- 
tions alone. After May, as adequate natural light was available 
throi^h the summer, the effect on work output was largely the 
combined result of temperature and humidity. 
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With electric lig^t, the situation is a little more complicated, 
particularly in view of the increased lighting levels now being rec- 
ommended, althou^ these new levels are far lower than the sta- 
tistically most frequent daylight level of 3700 foot-candles (New 
York City), 

Electric li^t differs most from daylight in relative percentage 
of infrared radiation. Discomfort caused by infrared from incan- 
descent lamps is definitely felt at a horizontal illumination level of 
125 foot-candles, and at about 500 foot-candles with fluorescent 
lighting. At such levels the rise in exposed white skin temperatures, 
in low ceiling interiors, is about 7 ° F, in a still atmosphere. At 
such levels the proportion of infrared is similar to that from a day- 
light level of 900 foot-candles. 

Indoors, with an ambient temperature of 70° F, or higher, the 
addition of 7° F on local skin regions may reduce the rate of skin- 
to-air transfer (although it favors more rapid perspiration), as re- 
latively high humidity conditions, which are probable in the summer, 
may occur. Then the individual will be uncomfortable, and his work 
rate will drop. 

5. The effect of uniformity. 

Where the direct and indirect effects of solar radiation produce 
a uniform, monotonous climate, the energies of men drop to a low 
ebb. For these regions the evidence is very clear. When any climatic 
condition is maintained steadily, a decline in men’s energies and 
in physical well-being takes place. 

A moderate change of temperature, humidity, air movement, 
and lig^t away from the optimum, and then back again, checks this 
decline. It seems to be a law of organic life that variable external 
stimuli are better than uniformity. Where only one factor can be 
varied, it should be the one with the largest tonic effect — temper- 
ature. 



6. The efitect of static atmospheric charge. 

Very little is yet known about this, other than that a positive 
charge has deleterious effects on health and a negative charge has 
beneficial effects. The kind of a day on which we feel good to be alive 
is the kind of day on which the atmosphere is rich in negatively- 
charged ions. 

7. The effect of air movement. 

There is a scarcity of helpful data on the cooling effect of mov- 
ing air on the human body. The particular clothing people may be 
wearing is a modifying factor in connection with all the effects of 
solar radiation. Economics requires that the development of the 
optimum indoor climate be accompanied by the development of the 
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kind of clothing which will most effectively cooperate with this op- 
timum indoor climate and which will permit the wearer to gain the 
maximum benefits in vigor, health, and happiness. 

Some air movement is necessary in order to evaporate body 
fluids fast enough; if the components of the indoor climate are pro- 
perly balanced, and appropriate clothing is worn, this rate should 
apparently cycle around 2 miles per hour. Too fast an air move- * 

ment, such as 8 miles per hour, evaporates the body fluids too fast; 
but again, specific figures for actual cases depend upon the clothing 
worn, and the balance between the other climatic components. • 



ENVIRONMENT AND THE BODY 

All of these direct and indirect effects of environment or solar 
radiation — the seasons, temperature, humidity, light, uniform con- 
diUons, atmospheric static charge, and air movement — directly 
influence the energy, health, safety, and longevity of people. Their 
interrelations are complex, but we are beginning to understand 
some of their aspects. It should be noted that these effects are, 
overall, at least as large percentagewise as the profit margin on 
which business operates. The design of building^ to provide an un- 
impaired ph]rsiological performance zone for people could greatly 
improve our national prosperity, as well as health. 

Our environment is a composite structure, formed of many dis- 
tinct, yet interacting, elements, which are actually complete envi- 
ronments in themselves. We are here concerned with only a portion 
of the entire spectrum of environmental effects - those which act 
directly and immediately upon the body, and which can be directly 
and immediately modified by building. These are illustrated in 
Fitch’s diagram (3) reproduced in Fig^e 1. 

These environments are paralleled by a specialization of body 
function which can be compared to a network of highways designed 
to handle two-way but highly specialized traffic between the body 
and the outside. These “highways* are distinct, coexistent, yet in- 
dependent. For example, the respiratory system handles the essen- 
tial commerce between the body and its atmospheric environment; 
the skin’s main task is to maintain a “balance of trade" between the 
body and its thermal environment; the ear’s job is to filter the sonic 
environment, etc. This is, of course, an oversimplification, for 
each of these systems has multiple functions. Thus the respiratory 
system provides our sense of smell, the skin protects the body 
against external attack, the ear also serves as a balancing mecha- 
nism. But this does not alter the basic principle involved. 

The function of all these systems is to provide a constant equi- 
librium within the body by controlling the relationship between the 
body’s crc+ernal and internal environments. So characteristic is this 
constancy and so specialized are the i>rocesses which sustain it, 
that physiologists identify it as homeostasis. 
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Figure 1 — Modern building acts as a selective filter 
which takes the load of the natural environments off 
man’s body and frees his energies for social produc- 
tivity. 



But the natural environments into which man has migrated are 
not always conducive to maintenance of this .'ternal constancy. 
They fluctuate from being friendly to being actually hostile to the 
human body. Faced with this dangerous variability, man has evolved 
external instruments for regulating the relationship between his 
body’s need of a mildly fluctuating environment, and the violent 
fluctuations of inconstant nature. 

Building and clothing are the principal instruments. They both 
take the load of the natural environment off the body. Building, in 
fact, is only static clothing, pushed far enough away from the body 
to enclose a space in which an optimum climate can be generated. 
Such difference in function as does exist is that clothing protects 
an individual from the environment, and building protects an entire 
social operation or process. That building still performs this func- 
tion imperfectly, is the reason for this Conference. 

If out of this Conference can come a successful technique for 
the development of a nearly thermostable state in our buildings, it 
would be regarded as a milestone in the evolution of building. 



COMPONENTS OF THE OPTIMUM CLIMATE 

To sum up this all too brief review of some of the direct and 
indirect effects of solar radiation on people, these things are 
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broadly true: 

1. When people are clothed, the indoor temperature should be 
above 60° F, and below 76° F. 

2. The relative humidity should be below 70% at the bottom of 
the temperature bracket, and above 40% at the top. 

3. The air movement should be at least two miles per hour, 
and under eight. 

4. The concentration of ions in the air should be negative and 
not positive. 

5. More li^t than can be usually admitted by natural means 
should be provided. 

6. The temperature and humidity should be slowly cycled op- 
posite to each other, through a narrow range. 

AIM OF THIS CONFERENCE 

When we consider the means to provide these environmental 
elements within the ranges mentioned, two questions arise. Can 
we do this by building to take advantage of the assumed "free* heat, 
“free* ventUation, and “free" light of solar radiation? And if we 
can, can we do it as economically as we can do it if we do not rely 
on nature’s so-called, free heat, free light, and so on? 

The answer may depend upon the statistical frequency of situa- 
tions where it is desirable to maximize the utilization of solar ra- 
diation compared to the frequency of buildings in which it is ad- 
vantageous to minimize it. Such a study has not yet been conducted. 

The conference discussion will be both stimulating and signifi- 
cant for future guidance on this subject of solar effects on building 
design. 

I hope that we will learn more about the problem of designing 
buildings as a reflection of the need to enclose a specific optimum 
climate; and more about how to attain two of the basic objectives 
of building design; 

1. To insulate the occupants of a building from those daily and 
seasonal variations of solar radiation, direct and indirect, 
which are unfavorable to people. 

2. To develop an optimum thermostable state, with such con- 
trolled, cyclic fluctuations as may be needed to provide a 
zone of unimpaired physiological performance. 

As Fitch pointed out, “the layman must judge building as he 
would any her tool - by its performance: and the criterion for 

judging building performance must necessarily be health and 

social well-being. Does the building regulate the commerce between 
his body and its environment so as to promote optimum health? And, 
from the standpoint of society as a whole, do its buildings provide 
(that range of specific) interior climates which will guarantee max- 
imum productivity to all its operations and processes?" (3) 

When the answer to Fitch’s questions can be “yes," the building 
industry and mankind will have taken a giant step forward. 
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Solar Energy Data Applicable 
to Building Design 



by Richard C. Jordan and Benjamin Y. H. Liu, University of 
Minnesota 

Abstract: In building design, data on solar radiation for clear days or on average 
solar radiation for all days are generally adequate. The most commonly avail- 
able data are the daily total radiation on a horizontal surface, provided by the 
U.S. Weather Bureau. Other solar radiation data are sparse, especially for the 
daily total radiation on vertical surfaces. Solar radiation for clear days can he 
estimated fairly accurately by theoretical means, but solar radiation for all days 
must he calculated on a long-term basis because of the variability in intercity 
on cloudy days. Average daily and hourly radiation on vertical or tilted surfaces 
can be estimated when the average daily radiation on a horizontal surface is 
known. 

FOR MOST PURPOSES in building design — such as the calculation 
of design cooling loads or the determination of the effect of solar 
radiation on the cost of operating the cooling and heating systems — 
data on solar radiation during clear da3rs or on the average solar 
radiation during all days are adequate. But problems such as the 
design of solar-heated houses (9, 10) require more detailed statis- 
tical analysis of the radiation data. This paper considers some of 
the basic characteristics of solar radiation and summarizes the 
present state of our knowledge about it in relation to building design. 
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MEASURING SOLAR RADIATION 

The pyrheliometer is used to measure solar radiation. The nor- 
mal incidence pyrheliometer measures intensity of direct radiation 
at normal incidence; the 180° pyrheliometer measures the radia- 
tion incident on a horizontal surface and, when unobstructed, the 
total radiation (i.e., direct radiation and diffuse radiation). The 
sensing element of the instrument is enclosed within a glass enve- 
lope which is opaque to the long wave length radiation emitted by 
the atmosphere, so that only radiation of solar origin is measured. 

For measuring the total radiation incident upon a horizontal sur- 
face, U.S. Weather Bureau stations and cooperative stations arc 
maintained throughout the United States. Solar radiation data are 
published monthly by the U.S. Weather Bureau in Climatological 
Data, National Summary (18). These data are the daily total radia- 
tion on a horizontal surface only. The more detailed hourly radiation 
records may be obtained from the National Weather Records Cen- 
ter, Asheville, North Carolina. 

Other solar radiation measurement data are sparse. The direct 
radiation at normal incidence is measured at a few stations. The 
U.S. Weather Bureau at Blue Hill, Massachusetts, has made an ex- 
tensive series of measurements of particular interest to architects 
and engineers of the diffuse radiation on a horizontal surface and 
the total radiation on the four vertical surfaces facing the cardinal 
points of the compass (3, 4). 

If no solar radiation measures are available, other meteorolog- 
ical data may be used to estimate the available solar radiation. The 
best such data are the percent possible sunshine data, reported by 
the U.S. Weather Bureau for some 174 stations, representing the 
ratio of the number of hours during which the sun is shining to the 
number of hours between sunrise and sunset. The method used in 
estimating solar radiation on a horizontal surface from these data 
is described in reference 6. 

EXTRATERRESTRIAL SOLAR RADIATION 

The solar radiation incident upon a surface of any orientation 
at the outer edge of the atmosphere is useful for a general under- 
standing of the characteristics of solar radiation. The diural, sea- 
sonal, and latitudinal variations of this radiation can be accurately 
predicted. Computation involves the value of the solar constant, 
which is the intensity of solar radiation incident upon a surface (or 
the rate at which solar energy impinges upon a surface of unit area) 
in outer space, perpendicular to the sun’s rays, at the mean dis- 
tance of the earth from the sun. Measured by the Smithsonian Insti- 
tution for over half a century, the solar constant has been assimed 
the following values (8), with a probable error of 2%: langley/min 
2.00; Btu/hr/fl? 442.4; kw/m^ 1.395; watt/ft^ 129.6; and kw- 
hr/day/ft? 3.11. 
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The variation in distance between the earth and the sun causes 
a variation in intensity of radiation at normal incidence at the outer 
limit of the atmosphere. Thus, the incident radiation is 7% higher 
in December than in June and the winter and summer are milder 
in the Northern Hemisphere than in the Southern Hemisphere. 

To calculate the radiation incident upon a surface of fixed orien- 
tation, it is necessary to consider the relative angular position of 
the sun. In engineering and architectural problems, however, it is 
more convenient to use the solar altitude angle (the angular eleva- 
tion of the sun above the horizon) and the azimuth angle (the horizon- 
tal angle measured eastward from the north). A detailed tabulation 
of the altitude and azimuth angles as functions of the latitude, dec- 
lination, and hour angles is found in reference 17. 

A solarometer, with accompanying sun angle calculator, for de- 
termining the position of the sun at any hour of the day for any day 
of the 3 rear has been developed for use by architects and engineers 
by the Libbey-Owens-Ford Glass Company. 

Examination of the extraterrestrial solar radiation curves gives 
qualitatively correct conclusions even when atmospheric effects are 
taken into consideration. The daily radiation incident upon the sur- 
face, integrated for a horizontal surface and the four vertical sur- 
faces facing the cardinal points of the compass, shows the outstand- 
ing advantage offered by the south window. The radiation incident 
upon f> south-fac-ng vertical surfa^^f ▼'eaches n maximum during 
wf'ntc r when heat is needed the mo«>\. ;.id decreases to a minimum 
doling summer when heat is wanted least — and even this unwanted 
radiation can be eliminated by use of overhangs and other shading 
devices. On the other hand, the radiation incident upon the east-, 
north-, and west-facing vertical surfaces all reach a maximum dur- 
ing the summer months when heat is undesirable. 

SOLAR RADIATION DURING CLEAR DAYS 

During clear da 3 rs the constituent elements of the atmosphere 
which affect the transmission of solar radiation do not vary exces- 
sively, at least over non-industrial localities. Thus, it is permis- 
sible to consider an atmosphere containing average amounts of these 
constituent elements as standard. The direct radiation transmitted 
through this standard atmosphere may then be computed and used 
as an approximation in design calculations involving direct radia- 
tion during clear days whenever data are not available (16). However, 
if the atmosphere is heavily contaminated, these calculations for 
the standard atmosphere are not applicable. 

For a surface not perpendicular to the sun’s rays, the intensity 
of direct solar radiation (Ij)) incident upon the surface is related to 
the direct radiation at normal incidence lon) by the relation Id = lon 
cos 6, where 6 is the angle of incidence of the solar rays. 

Only that portion of the scattered solar radiation which travels 
downward arrives at the earth’s surface as diffuse radiation. During 
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clear days the diffuse radiation is usually a minor component of the 
total racUation received by the horizontal surface but during cloudy 
da 3 TS all of the radiation received by the horizontal surface may be 
diffuse (12). 

The total radiation incident upon horizontal and vertical sur- 
faces during clear da 3 rs, as recommended by the American Society 
of Heating. Refrigerating and Air-Conditioning Engineers for use 
in cooling i'oad calculations, can be found in the ASHRAE Guide 
(1,15). For a vertical surface, the diffuse radiation includes not only 
the diffuse radiation from the sky but also the diffuse solar radia- 
tion reflected from the ground at a ground reflectance of 10%. For 
ground surfaces with other than 10% reflectance, the following cor- 
rection should be added to the vertical surface radiation: 1/2 Ixh 
( P -0.1), where I^h * intensity of total radiation incident upon a 
horizontal surface and P ■ rellectance of ground for solar radiation. 

AVERAGE DAILY TOTAL AND DIFFUSE 
RADIATION ON A HORIZONTAL SURFACE 

Because of the extreme variability of cloudiness, the intensity 
of solar radiation received on the earth’s surface under a cloudy 
sky is also extremely variable. The availability of solar energy 
during all days, therefore, can onlybe anticipated statistically from 
experimental data covering a long period of time. 

To describe quantitatively the atmospheric conditions at a local- 
ity on ^long-term basis, it is convenient to use an index Rx * H/Hq, 
where H monthly average dailytotal radiation on a horizontal sur- 
face, Btu/day/ft? and Hq ■ average daily radiation on a horizontal 
surface at the outer edge of the atmosphere during the month, 
Btu/day/ft? , representing the fraction of the extraterrestrial radia- 
tion transmitted through the atmosphere. 

__ The arithmetical average, maximum, and minim uni values of 
K*p for localities in the Continental United States are shown in 
Figure 1 for each of the 12 months. Only data of those localities 
with more than five-year records are used in obtaining the data. 
On a 12-month basis, the arithmetical average of Rp is equal to 
0.552 for the Continental United States, and the maximum and min- 
imum are 0.83 and 0.27 respectively. 

The average curve in Figure 1 shows onW a moderate seasonal 
variation, with the highest average value of Rj in July and the low- 
est in November. Part of this variation is aue to change in solar 
declination and part is due to seasonal variation in atmospheric 
cloudiness._JThe large spread between the maximum and minimum 
curves of Km shows that greatly different solar climates exist in 
the Continental United States. In general, localities in the Pacific 
Northwest, Great Lake Regions, and England States have below 
average atmospheric transmission (Kr) and those in the arid and 
semi-arid regions of the West and Southwest and the Rocky Moun- 
tain States have above average atmospheric transmission. Fritz and 
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Figure 1 — The arithmetic average, maximum, and 
minimum values of the atmospheric transmission co- 
efficient for daily total radiation at solar radiation 
stations in the Continental United States. 

MacDonald estimate the average daiiyradiation on a horizontal sur- 
face for January and July throughout the United States (5). 

The available data on diffuse radiation are extremely sparse, 
but they indicate that, on a long-term basis, the diffuse relation 
incident upon a horizontal surface is approximately 18% of the solar 
radiation incident upon a horizontal surface at the outer edg^ of the 
atmosphere (12). 

AVERAGE DAILY TOTAL RADIATION 
ON VERTICAL SURFACES 

The only available experimental radiation data for vertical sur- 
faces covering an extended period of time are those obtained by the 
U.S. Weather Bureau at Blue Hill, Massachusetts. These data are 
shown in Figures 2 and 3. Also shown in these figures are the ra- 
diation values which these surfaces would receive if they were at 
the outer edge of the atmosphere. It should be noted that from the 
autumnal equincnc to the vernal equinox, when the sun is alv/ays be- 
hind the north-facing vertical surface, the radiation received by a 
north-facing vertical surface on the earth is entirely diffuse radia- 
tion. Similarly, during the summer months, when the radiation in- 
cident upon the south-facing vertical surface at the outer edge of 
the atmosphere is small, the radiation incident upon the south- facing 
vertical surface on earth is also predominantly diffuse radiation. 
Therefore, the radiation incident upon the south-facing vertical 
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Figure 2 — The average daily total radiation and the 
extraterrestrial daily radiation on a horizontal sur- 
face and a vertical surface facing south. 




Figure 3 — The average daily total radiation and the 
extraterrestrial daily radiation on vertical surfacing 
facing east. west, and north. 
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surface on earth may be equal to, or actually exceed, the radiation 
incident upon the similarly oriented surface at the outer edge of the 
atmosphere. 

Since radiation data are not generally available for vertical or 
tilted surfaces, solar incidence on these surfaces must be estimated 
from the available data on a horizontal surf ace. Empirical and semi- 
theoretical methods have been developed for such estimation (2, 7, 
11. 13). 

AVERAGE HOURLY RADIATION 
ON HORIZONTAL AND TILTED SURFACES 

The relationships shown in Figure 4, which is derived from ex- 
perimental data for a large number of localities (12), may be used 
to estimate the hourly radiation on a horizontal surface &om the 
daily radiation on a horizontal surface. It should be emphasized, 
however, that these relationships ar^- correct only on a long-term 
average basis, since the extreme variability of cloudiness makes 
it necessary to gather long-term data to obtain such relationships. 

Satisfactory methods have also been developed for estimating 
the average hourly radiation on tilted and vertical surfaces when the 
average hourly radiation on a horizontal surface is known (2, 7, 14). 




SUNSET HOUR ANGL£,«% .DEGREES 

Figure 4 — Relationships between hourly radiation and 
daily radiation on a horizontal surface. 
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Thermal Effects of Solar Radiation 

in Man 



by James D. Hardy, John B. Pierce Foundation Laboratory 

Abstract- Charges in skin temperature coined by solar radiation depend not 
only on the optical properties of the skin but also on the thermal conductivity, 
density, and specific heat of the living skin The heating of the skin by solar 
radiation is completely accounted for by simple heat flow theory and known 
physiologic changes in skin blood flow. The marked difference in reflectance 
in the visible and very near infrared spectral regions between darkly pigmetUed 
and white skin suggests that sunlight should have a much more stimulating effect 
on dark Negro skin than on wnUe skin Change in skin temperature is an im- 
portant factor in perception of warmth or coolness, but skin tempercmre level 
also has a stimulating effect on skin blood flow. Pain and thermal injury may 
occur when solar heat radiation raises tissue temperatures into the danger zone, 
about 45'‘ C. Therefore, man must shade himself from solar heat 



THROUGHOUT MAN’S HISTORY he has loved the sunlight. Ancient 
religions were devoted to the worship of the sun god and even as 
late as the Greco-Roman civilization the sun gods stood high in the 
divine hierarchy. Today, the sun has lost its divinity but none of its 
emotional importance. For the modern to stand in the sunlight is a 
“good thing" but to “remain in the shadows” is bad. 

However, the sun is not necessarily a friend of man’s physiol- 
Qgy^ Froin ths vsry b6^nning of his sxistsncs, mfln hss hsd to fight 
for survival against the searing rays of the sun. An evolutionary 
result is the very efficient physiologic temperature-regulating sys- 
tem in man, and the development of voluntary behavior patterns 
permitting him to explore and inhabit the earth almost without re- 
gard to sunshine. However, man still loves the sun and recent trends 
in architecture seem to be directed toward giving man his sunshine 
and yet reducing the hazards of exposure to solar radiation. 

It is fitting to review briefly some of the effects of solar energy 
on man from a physiologic standpoint. There are two inyortant 
actions of sunlight: photochemical and thermal. The photochemicm 
action includes stimulation of the visual receptors of the eyes and 
the photochemical reactions in the skin associated with erythema 
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production, pigment elaboration, and anti-ricketic effects. The ther- 
mal actions include stimulation of warmth sensation, changes in 
skin blood flow, and elevation of skin temperature to levels evoking 
pain and even thermal injury (2). Here it seems appropriate to se- 
lect for discussion the thermal effects of solar energy on man. Many 
of these data have not reached building scientists. 

Figure 1 outlines the framework for the material to be presented. 
The effective inputs of the environment into man are shown as being 
electrical, mechanical, thermal, and chemical energies. Solar ra- 
diation is concerned with the thermal and chemical energies (1). 
The thermal inputs give rise to local excitatory events evoking sen- 
sations first of warmth and then of pain. For weak stimuli, the local 
effects will include changes in skin blood flow and eliciting of sweat- 
ing. For stronger stimuli, noxious stimulation which is associated 
with pain will cause local inflammation; reflex effects such as change 
of heart rate, respiration rate, glandular secretion; and states of 
nervous hyperexcitability at the spinal cord level. 

In conscious man, the sensations give rise to reactions which 
are conditioned by the feeling state of the individual, cultural atti- 
tudes, and other hi^er functions which affect total bodily behavior. 
If pain should be involved, these reactions can, by virtue of nervous 
and hormonal connections with the other organs of the body, evoke 
still further noxious stimulation and pain. Such overall reactions 
are commonly seen when large bodies of military personnel are 
moved firom a temperate to a tropical climate. It is the intention of 
this report to consider the effects of thermal stimulation in pro- 
ducing changes in skin temperature and the associated physiologic 
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Figure 1 — Conscious and unconscious response of 
man to environmental stimuli. 
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reactions. For this purpose, it is necessary to have a knowledge of 
the optical and thermal characteristics of the human skin. 

OPTICAL PROPERTIES OF SKIN 

The skin, being warmer than the environment, radiates to the 
environment and thus provides opportunity for studying spectral 
radiation from man’s body as compared to radiation from the sun. 
Figure 2 illustrates the results of such studies. Two well-known 
important differences between solar radiation and the radiation from 
man’s skin are at once apparent. First, the two emission curves lie 
in different portions of the electromagnetic spectrum which do not 
overlap appreciably. The sun’s energy is contained largely between 
wave lengths 0.3^ and 2.8^, much of the infrared having been filtered 
out by the water vapor and CCL in the earth’s atmosphere. Second- 
ly, the sun radiates 800 kcal/ixr /hr on a surface normal to the sun’s 
rays, whereas the total radiation from the skin, which may be as 
much as 70% of the heat loss from the body, is in the neighborhood 
of 20 kcal/m^/hr. 

The emission curve for the skin shown in Figure 1 is based on 
the assumption that the human skin is a black body, in the spectral 
region between 4/i and 20/i, as shown experimentally to be the case. 
However, it is desirable to know the reflectance and transmittance 
of skin in the region where it interacts with sunlight. In order to 
study this problem, a goniometric spectrometer was developed so 
that excised skin could be illuminated with a narrow beam of mono- 
chromatic light and a measurement made of the reflected and 
transmitted energies. The scheme for this study is shown in Figure 
3. The skin specimens were obtained from surgical operations and 
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Figure 2 — Spectral distribution of solar radiation 
(air mass = 1) and low temperature radiation from 
the human body. 
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Figure 3 — Experimental scheme for studying the 
scattering of monochromatic radiation. I© represents 
the incident beam normal to the skin specimen at the 
center of the hemisphere. The detector scans both in 
longitude (0) and in latitude (4). 

were cut to the desired thickness with a Stadie microtome and 
mounted in the spectrometer at the center of the transmittance and 
reflectance hemispheres. The total diffusely transmitted and re- 
flected energy was measured by scanning the detector over both 
hemispheres and integrating for each hemisphere. These sums, di- 
vided by the intensity of the incident beam I©, give the values of 
reflectance and transmittance for a particular wave length. 

The first question that can be answered is whether the skin obeys 
the Lambert cosine law for the near infrared and visible spectral 
regions. Curves for wave length 1.28/< show for both thin and thick 
specimens that the cosine law is indeed followed. Measurements at 
other wave lengths gave similar results. This validation makes it 
possible to study the reflectance of skin by simpler devices, such 
as the total reflecting hemisphere developed many years ago by 
W. W. Coblenz of the National Bureau of Standards. 

Figure 4 shows the results of the studies by many authors of the 
reflectance of human skin, both white and Negro, from 0.4/< to 20/<. 
The similarity of these curves is at once apparent. The absorption 
bands are due to water vapor in the infrared and to hemoglobin ab- 
sorption for the white skin in the visible. There is no appreciable 
difference between white and Negro skin for wave lengths longer 
than 2/1. However, the marked difference in reflectance in the visible 
and very near infrared suggests that the darkly pigmented skin will 
be heated by the sunlight to a greater extent than will white skin 
and thus the sunlight should have a much more stimulating effect 
on dark Negro skin than on white skin. 
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Figure 4 — Average values of spectral reflectance of 
white and dark Negro skin. 

The problem of transmittance is much more complex. In the first 
place, the scattered radiation does not follow Lambert’s law, par- 
ticularly for the infrared radiation, and for the most peripheral skin 
layers. As a result of this, the absorption coefficients for various 
skin la3rers differ considerably with wave length. This situation is 
clearly visualized in Figure 5. 

It is seen that in the visible spectrum (curved lines) the usual 
law of transmittance (Beer’s law) is not obeyed, whereas for the 
near infrared, the absorption coefficients are independent of thick- 
ness and thus Beer’s law holds fairly well. As with the reflectance 
curves, the transmittance curves for Negro and white skin are prac- 
tically identical for wave lengths longer than 1^. The near infrared 
transmittance for a specimen ofwhite skin shows that there is some 
slight penetration of visible and near infrared to depths of 1-2 mm 
below the skin’s surface. 

THERMAL CHARACTERISTICS OF SKIN 



The changes in skin temperature caused by solar radiation de- 
pend not only upon the optical properties of the skin but also upon 
the thermal conductivity, density, and the specific heat of the living 
skin. With the development of a dependable method for measuring 
skin temperature before and during exposure to known intensities 
of radiation, it became feasible to apply the theory of heat flow to 
the problem of skin heating. This relationship leads to a parabolic 



24 



SOLAR EFFECTS ON BUILDING DESIGN 



l/mm WHITE SKIN 



4.0 



A ■ X 0.88 ^ 

• ■ X 0.70^ 
■ ■ X 120^ 

• ■ X 2 . 80 m 




III 






» . I 1 I 1 I I I 1- 

02 04 OC Ot LO 1.2 1.4 i.f 10 2.0 

THICKNESS (mm) 

Figure 5 — Absorption coefficients at four wave lengths 
for white skin as a function of thickness. 

relationship between exposure time and skin temperature rise for 
non-penetrating radiation and can be expressed as follows: 



In these equations, 

T = Final skin temperature 
s Initial skin temperature 
s Radiation intensity 
t s Time in seconds 
K = Thermal conductivity 
p s Density 
c s Specific heat 

a s Absorptivity (0.94 for skin blackened with India ink) 

The product Kpc is the physiologically important quantity which will 
determine the temperature elevation of the skin or other tissue upon 
exposure to non-penetrating radiation. For example the heating ef- 
fects caused by irradiating the blackened surface of specimens of 
human skin, fat, and bone show differences due entirely to the dif- 
ferences in the Kpc products. Fatty tissue, because of its relatively 
low specific heat, is heated considerably more rapidly than either 
moist skin or bone. From such an experiment, the Kpc values can 
be determined by plotting AT^ against 1.13(3^ t, as shown in Figure 
6. The lines in the figure are straight and pass through the origin. 




THERMAL EFFECTS OF SOLAR RADIATION 



25 



HUMAN TISSUES 




Figure 6 — Thermal inertia for fat, bone, moist mus- 
cle, and excised skin, as compared with thermal in- 
ertia for leather and water. Kpc values are shown in 
parentheses for each specimen. 

as would be expected from theory. The figures in parentheses at 
the top of each curve are the values for the Kpc product for the 
particular specimen (x 10“5). a comparison of leather and water 
with body tissues suggests that the thermal inertia values depend 
to a large extent on their water content. 

As might be expected, living tissues do not conform strictly to 
the simple mathematical formula outlined above, as shown by a 
comparison of excised skin with living skin, with and without its 
normal blood flow. For short exposure times, the Kpc of normal 
skin is the same as that in which the blood flow has been occluded 
and the excised skin heats more rapidly because of the unavoidable 
dehydration which occurs post-mortem. However, for longer expo- 
sures to thermal radiation, skin blood flow increases through vas- 
odilatation and serves to cool the skin. This action can be observed 
as early as 20 seconds after the beginning of an exposure but may 
be delayed for as long as several minutes, depending upon the ini- 
tial state of the skin blood vessels. For the first 20 seconds of ir- 
radiation, the skin can be considered to have a Kpc value of 110- 
130 X 10“® cal*/cmi*/sec/° C* . 

The heating of the skin due to solar radiation involves all of the 
optical and thermal properties of the skin which have been discussed. 
In Figure 7 are shown the experimental curves of skin heating by 
solar radiation. The studies were made on clear summer days in 
Philadelphia. It is seen that the white and light brown Negro skins 
are heated least and to about the same extent. Some of the white 
subjects had sun-tanned skins and others did not. The dark Negro 
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Figure 7 — Heating ofthe skin by solar radiation: com- 
parison of white skin, lig^t brown Negro skin, dark 
brown Negro skin, India ink skin, and a theoretical 
curve. 

skin is heated about twice as rapidly as the very white skin, a re- 
sult which is not unexpected when considering the high absorption 
of the Negro skin for visible radiation. Skin blackened with India 
ink is heated most rapidly, this heating, of course, being indepen- 
dent of natural skin pigments. The rate of heating predicted from 
the equation is marked by x’s in Figure 7, using a Kpc value of 
100 X 10 “5 cal*/cm*/sec/° C* . From this it can be concluded that 
the heating of the skin by solar radiation is completely accounted 
for by simple heat flow theory and known physiologic changes in 
skin blood flow. 

SENSATIONS OF WARMTH 

If careful measurements are made ofthe skin temperature while 
the subject is sitting quietly in a darkened room at a comfortable 
and neutral temperature, and if the subject is asked to introspect 
and report upon his thermal sensations at specific intervals, say 
every 10 or 15 seconds, it will be found that the skin temperature 
fluctuates spontaneously. These fluctuations are small, usually less 
than 0.2° C, but it will be found that the subject continually reports 
thermal sensations other than neutral which are related to these 
small changes. Also, in such a situation, if a weak infrared radia- 
tion is projected onto the skin so as to raise the skin temperature 
0.4° - 0.5° C, definite sensations of warmth will be reported. An 
anal3Tsis of these data is shown in Figure 8, in which the reports of 
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Figure 8 — Relation of skin temperature change to 
thermal sensation in a thermally neutral environ- 
ment, categorized as to whether skin temperature is 
decreasing, unchanging, or increasing. N = neutral: 

C = cold; W = warm. 

sensation are categorized as to whether the skin temperature is de- 
creasing, unchanging, or increasing. When there is no change in skin 
temperature, the subjects report with about equal frequency “slight 
warmth,” “slight coolness,” and “neutral.” 

This situation differs markedly from that for vision, hearing, 
and other special senses. In the dark, one sees nothing, and in a 
proper anechoic room one hears only his own blood pulsing in his 
inner ear, but in a thermally neutral environment one continues to 
feel thermal sensations. This result is not surprising since it is 
known that the temperature receptors in the skin are in continuous 
activity and change their activity only when the skin temperature 
changes. From Figure 8 it is seen that, when the skin temperature 
falls slightly, there is a marked diminution in the reports of warmth 
but an increase in the reports of cool and neutral. When the skin 
temperature is increased slightly, there is a marked increase in 
warmth reports, and a marked diminution in cold and neutral re- 
ports. The act of changingthe skin temperature is thus an important 
factor in the p^^ception of warmth or coolness but skin temperature 
level also has a stimulating effect to a lesser degree. 

In examining the effects of solar radiation in stimulating ?ensa- 
tions of warmth, one would expect, based on the above evidence, that 
sunlight will stimulate the Negro much more easily than the white 
man. This is borne out by experimental results but not to the extent 
that might have been anticipated. In experiments with sunlight, when 
allowance is made for the fact that the white subjects were about 
25% more sensitive to heat than the Negro subjects, the Negroes 
were found to be only about 15% more sensitive to solar radiation 
than were the white subjects. As skin pigment has no effect on the 
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heat loss from the skin surface, only in sunlight can this pigment 
be considered to play a significant role in the exchange of body heat. 
The temperature changes evoking sensations of warmth are small, 
being about 0.001° C/sec. However, the levels of skin temperature 
evoking continuous sensations of warmth or coolness differ from the 
neutral by 2° - 3°C. This difference between the phasic and contin- 
uous response to temperature has not as yet been thoroughly studied. 

THE THERMAL INJURY PROBLEM 

When an individual exposes himselftothe summer sun while tak- 
ing a sunbath, usually there is no immediate ill effect. However, 
dangerous sunburns are not uncommon in the tropic and semitropic 
zones. When such sunburns occur, it is unclear as to whether the 
damage has been due to ultraviolet radiation or thermal radiation, 
or perhs^s both. One way to test the matter is to expose an indi- 
vidual in the laboratory to thermal radiation of about the same in- 
tensity as that of sunli^t. In Figure 9 is shown a temperature 
trac',ng from the forehead of a subject while being irradiated with 
26 mcal/sec/cm^ of thermal radiation, which is somewhat less than 
the intensity cf bright sunlight. The subject’s skin is blackened to 
insure maximal absorption, a situation which is not dissimilar, as 
we have seen before, to the darkly pigmented individual. The skin 
temperature is raised very rigidly from a normal value of about 
32° C to between 40° C and 42° C. As the exposure continues, pain is 
perceived in about half an hour and for a while the pain alternates 
with sensations of heat. At the end of about 38 minutes continuous 
pain supervenes. Fortunately for the sunbather, there are heat loss 
avenues which keeps his skin temperature below that shown in the 
figure. However, indoors, behind a clear glass, local skin temper- 
ature level may not be so far from that shown in Figure 9, and thus 
the individuals may be intensely uncomfortable. 

Pain is the signal for tissue damage and this has been established 
experimentally for man. During World War n, the Army was much 
concerned with the problem of how to protect soldiers against fire 
and one of the researches was that of Moritz, a pathologist, and 
Henriques, a physicist, who showed that burning of the skin could 
be 'characterized by a first order rate reaction equation. Figure 10 
shows the results of Moritz and Henriques, who plotted the thresh- 
olds for first- and second-degree burns as a function of skin tem- 
perature and duration of the hypothermic exposure. It is seen that 
skin temperatures lower than 42° - 43° C did not produce a burn 
within the time studied. Henriques applied the reaction rate equation 
to his data and, as shown by the dashed lines and the solid lines 
going through the experimental points, he found an excellent cor- 
relation between burn production and reaction rate. 

Pain also has a threshold near 45° C, and thermal pain increases 
in the same way as does the production of tissue damage. Henriques 
concluded that the most plausible explanation for the producing of 
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Figure 9 — Skin temperature and reports of sensation during irradiation at the level of noon summer sunlight. 
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Figure 10 ~ Relationship of skin temperature, dura- 
tion of elevated skin temperatuie, and production of 
tissue damage. Pain intensity for various skin temper- 
atures is noted for comparison (11 dols = maximum 
pain). - - - = threshold for transient erythema; 
threshold for *transepidermal necrosis.* 
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Figure 11 — Comparison of cellular repair rates and 
protein inactivation as a function of tissue temperature. 
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skin burns is that the elevated temperatures gradually denature 
vital cellular proteins and thus cause the death of the skin cells. 
The arrows in Figure 10 denote the length of time that the skin can 
support a pain of a g^ven density (11 dols = maximum pain) as ob- 
served experimentally. It seems likely that pain due to heat is re- 
lated to thermal inactivation of cellular proteins in the same way 
as burning the skin, and that the production of pain is thus associated 
with the rate of denaturation of cellular proteins. 

On this basis one must expect the skin proteins to be continually 
broken down, but they are rapidly repaired by the metabolic process 
of the cells. Cellular processes, however, increase their rate of 
activity very slowly with temperature, whereas the rate of protein 
inactivation increases very rapidly. Thus as shown in Figure 11, 
there will undoubtedly be a temperature at which the rate of protein 
inactivation will exceed the ability of the cells to repair. This tem- 
perature is both the pain threshold and the tissue damage threshold. 

It is remarkable that this temperature is so near the normal 
temperature for man, 37° C, providing only 6° -8°C margin between 
normal temperature and a lethal temperature. The fact that sunlight 
can raise the tissue temperatures into the danger zone makes it 
imperative that man shield himself from this heat. 

Many of these considerations have been taken into account by 
those developing architectural structures involving large glass 
areas. Many years ago the large picture window was installed and 
immediately suitable drapes were arranged to shield the occupants 
from the effects of sunli^t. More recent developments have included 
installations of heat-absorbing glass which greatly reduces the 
thermal load on the building occupant. 

Further developments are perhaps still in the future. For ex- 
ample, it might be possible to provide a room with heat loss changes 
which would exactly compensate for the heat gain from the sun. This 
situation would more closely simulate the outdoors and perhaps 
give the feeling of being outdoors. If, when the sun shines into a 
room, a radiant or convective cooling system could be activated 
to compensate for the heat gain, the overall effect might be very 
pleasant indeed. From the physiological point of view, the introduc- 
tion of tinted heat-absorbing glasses for clear plate glass is indeed 
a step in the right direction. 
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Open Forum Discussion 



Moderator: Leander Economides, Voorhees Walker Smith Smith & 
Haines 

Panel Members: Messrs. Hardy, Liu, and Logan 

Mr. Economides: Man, through the control ofhis environment, could 
conceivably, in time, influence his own evolutionary development 
and perhaps create conditions for his survival but will be de- 
pendent upon the maintenance of the environment which he him- 
self has created. May we have a comment on this thought? 

Mr. Logan: I don’t think that the maintenance of an environment that 
is optimum for man would diminish the limits in which he co^d 
operate. All that providing the optimum environment will do for 
man is to let him realize the full potential of his genetic heritage. 
If he is forcedbycircumstances to accept less than the optimum, 
he pays the penalty of a shortened life, as he is now doing all over 
the world. 

Interfering with man’s genetic equipment so as to change his 
fundamental characteristics is an entirely different matter. Most 
mutations are harmful. The possibility of developing favorable 
mutation is remote. One can only speculate on this. 

Mr, Economides: Professor Liu, 3 tou have indicated that the solar 
intensity at the earth’s surface is dependent upon many of the 
atmospheric conditions which prevail in any locality. Can you 
foresee the artificial Introduction of some elements in the at- 
mosphere to limit and control the incident radiation in partic- 
ular localities? 

Mr. Liu: Whether there is a practical means of controlling atmos- 
pheric conditions so that we can markedly change the climate 
that we live in is somewhat questionable. I understand that the 
Weather Bureau is working on this. For example, artificial rain- 
fall has been made, and this could be extremely important. 

John M. Evans, Florida Architect magazine: In London, at the School 
of Hygiene and Tropical Medicine, a comment was made that 
tropical man— and even white man — by natural selection seems 
to eliminate the large blonde, blue-eyed Nordic type and makes 
the thin wiry brunette the norm. Would you conoment on this, par- 
ticularly on body size, and effect of heat transfer by evaporation? 
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Mr. Hardy: After studying the matter of pigment, which seems to 
me to be one of the factors separating the temperate climate 
dweller from the tropical climate dweller, I could not conclude 
that pigment served a useful function in temperatural adjust- 
ment. Pigment insures that the individual will be heated up fast- 
er, and on the basis of tests, it is clear that the dark-skinned 
man feels warmth from the sun more than the white man does. 
Perhaps this stimulates him to avoid excess solar heat a little 
more than the thin-skinned white man. 

As far as body size and evaporation are concerned, it’s cer- 
tainly true that the individual who has the bigger surface area to 
volume ratio can get rid of more sweat than the individual who 
is rounder. However, whether or not this does, or has, played 
any significant role in the evolution of man seems to me ques- 
tionable. I have an idea that considerations other than the sur- 
face area to weight ratio have governed the migration of groups 
of men from one area to the other. 

John M. Evans: Does the metabolism of the person in relationship 
to his larger body size give him more sweat glands and give 
him better ability to be a more efficient heat exchanger? 

Mr. Hardy: Evidence supports the idea that the metabolism is pro- 
duced as a function of the lean body weight and that the heat loss 
is the function of the overall surface area; thus, it is the sur- 
face area to weight ratio that is really of interest. If one attempts 
to represent man as a heat exchanger (for example, as a group 
of cylinders), then it is clear that the man who is tall and thin 
has an advantage in terms of surface area to wei^t ratio and in 
adjustment to heat. 

Sylvester H. Walter, E.I. duPont de Nemours & Co., Inc.: Today the 
trend in industrial building design is to eliminate all natural light 
and ventilation and to provide artificial light and climate by me- 
chanical means. Please comment on how this affects industrial 
employees’ work efficiency, health, and longevity? 

Mr. Logan: Such records as are available are in favor of complete 
control of the indoor climate artifically. There are psychological 
factors that are notclearlytapedoutyet. One of them is the need 
for people to be able to establish their orientation with respect 
to external conditions at all times, which means that they must 
have optical contact with the outside; therefore, it seems desir- 
able to always provide vision strips for this purpose. However, 
there is no certainty at the present time that this is actually es- 
sential — just a belief that it is. Outside of this apparent need for 
optical contact with the exterior, the statistics are all in favor 
of a controlled interior climate of the proper type. This results 
in more uniform production by the workers, greater production. 
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less errors, fewer accidents, the accumulation of a lower state of 

fatigue at the end of the day’s work, and a slower rate of aging. 

J. H. Segal, NASA: What can be done to control or reduce Mgh tem- 
perature (80° to 95° F.) caused by solar radiation in offices with 
south and southwest exposures during the early spring and fal 
For example, an existing multi-story office building of contem- 
porary design in the Washington, D. C., area provides a winter- 
summer hook-up, an extensive exterior fixed glMS wea, Vene- 
tian blinds, modular fluorescent lighting, and controlled air con- 
ditioning, heat, and ventilating systems. 

Mr. Jaros: The obvious answer would be to properly compute the 
cooling load resulting from those conditions ana provide 'or it 
in the air conditioning design. In southern exposures in inld- 
summer, there is another answer— the use of hanging balconies, 
or horizontal louver banks, set outside of the glass to ^oduce a 
large amount of shade. But, in the spring and fall, partic^Mly 
in October or thereabouts, you do have the problem of the low 
sun and this is something you have to take into account in the de- 
sign. In our own practice, we figure more cooling load on soirth- 
ern windows in October than in July or August and we provide 
for it in the quantities of cooling. 

Mr. Economl>.s: Since the building is equipped with refrigeration 
anr iir conditioning faculties, the problem seems to owur in the 
spring and fall. The only thing to dots operate the refrigeration 
plant and the air conditioning system and use the Venetian blinds 
for shading purposes. 

Clayford T. Grimm, Zonolite Company: Professor Liu, you de- 
scribed a residence in which the power input in winter was di- 
rectly correlated to solar radiation. Would you describe the tjjpe 
of construction? I rather imagine that thermal inertia had a lot 
to do with this correlation. 

Mr. Liu: During these tests, we have been selecting 

that the previous days had about the same outside temperature 
as the days shown in the data presented. The 
to reshlft thermal equUibrium with its environment and thereby 
the effect of thermal inertia becomes reduced. Of coiffse, it 
would be impossible to reduce completely the effect of therm^ 
Inertia. In this case, we feel that the effects shown in the ^aphs 
are primarily due to solar radiation and not due to thermal 

inertia. 

T. H. Markus, Pilkington Brothers, Ltd.: In calculations of thCTmal 
comfort it has been pointed out that radiation exchanp between 
a person and a window has to be taken into account. In summ r 
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when there is transmitted short-wave solar radiation, there is 
likely to be heat gain to the body; and in winter when the surface 
temperature of the glass is low and there is long-wave radiation 
exchange between the body and glass, there is likely to be heat 
loss. There can, of course, be conditions when both processes 
occur simultaneously. In thermal comfort work, is some differ- 
entiation made between equivalent quantities of radiation gain 
or loss according to the wave length at which they take place? 

Mr. Hardy: One would certainly have to take into account the differ- 
ences in reflectivity of skin and clothing for the different wave 
lengths of radiation to get a good estimate of the total heat load. 
The easiest way to do this would be to measure some skin and 
clothing temperatures of people who are in this situation. This 
may be rather important, because although the individual under 
a complex radiant heat load may be quite comfortable, he may 
have local cooling or heating to a degree which will alter skin 
temperature locally sufficiently to Induce disorders which, over 
a period of time, could become troublesome. Therefore, my own 
approach would be to look at the skin temperature distribution 
over the body of the individual. However, in making the compu- 
tation of the net heat load, one would certainly have to take into 
account the amount of clothing, the color of clothing, and the 
spectral distribution of the incident radiation. 

A. I. Geyser, E. K. Geyser Company: Do you forecast the introduc- 
tion of mechanical apparatus which will cyclicly vary humidity 
and temperature (around the desired norm)? 

Mr, Logan: Yes, I do. Actually, it has been done sporadically. The 
first case I ran into was that of the Ford Motor Company when 
they built their Dearborn Laboratories in 1922. As a result of 
the types of studies I mentioned here, there was a temperature 
cycle Introduced plus and minus 5° around 70° on a 30-minute 
basis. That Installation operated with beneficial effect for many 
years, but it was way ahead of its time. I think we are now ap- 
proaching the time when we can practically cycle our interior 
climate in the direction and to the degree that is most effective 
in maintaining the desired physiological tone of the occupants of 
the space. 



Solar Effects on Architecture 



By Vincent G. Kling, FAIA 

Abstract: Sun effect, an important force affecting design cancels, must be con- 
sidered by the architect in terms of orientation, geographical location, reflecting 
surfaces surrounding the design, and the basic conc^t of how thewmdows are 
handled. Sun control systems used by the architect include sun shading device, 
glazing materials, intenor devices, and control of the amount of glass in m 
building face. Examples of designs which recognize thesun effect, while respectmg 
the environmental relationship and internal function, are given. 

fflSTORICALLY, THE INFLUENCE of sun on architectural design 
has been a very strong conditioning agent on the architect’s pen. 
Much of the charm of the great Greek buildings is due to the use of 
massive stones with small openings which captured the sunlight in 
a very exciting manner. The deep shadows and modulating sh^e 
effects which resulted are as much a part of the design as the sculp- 
tured ornamentation. As the architect faces the problem today, he 
certainly must have equal respect for the sun effect on his buildings. 

Before going into the specific design concerns of the architect, 
one other sun effect should be mentioned. That is the deleterious 
effect of the sun on the building materials and its long-term appew- 
ance. While we are considering the effect of the sun as the archi- 
tect’s paintbrush in bringing out the richness of his design, we must 
also consider it as the architect’s enemy in destroying the appear- 
ance of this finished building as building materials succumb to the 

sun effect. 



DESIGN CONSIDERATIONS 

The architect concerns himself with the sun effects on building 
design mainly in terms of the following; 

1. Orientation. Obviously if a building faces south, east, or 
west, direct sun will help to bring out richness of the texture. 
Orientation will also have some effect on the sizing of the 

KLING, VINCENT G. Architect and Fellow of the American Insti- 
tute of Architects; trustee of the Fontainebleau Fine Arts & Music 
Schools Association. 
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glass which determines the architectural flavor of the build- 
ing. There is no doubt that design of a building with a south- 
facing main entrance is much easier than design of a north- 
facing building. When a building faces into the sun, it can 
have much colder materials — the colder granites, the blues 
and blue-grays, etc. If, however, the building has its main 
approach from the north, most architects feel that this re- 
quires the use of more vigorous forms and warmer materials. 

2. Geographical location. Buildings on the Equator need a great 
deal of sun protection, while buildings in the northern coun- 
tries can drink in much sunlight. The Scandinavians are using 
large amounts of glass because the sun is not with them long 
and their people are real sun-worshipers. 

3. Reflecting surfaces surrounding the design. Large sweeps of 
white pavement which reflect lig^t on the building can pro- 
duce fascinating effects. Water can bring much sparkle to a 
building fapade. Conversely, heavy dark-paved macadam sur- 
faces which drink in a great deal of the sun’s light also drink 
in a great deal of the heat which radiates against the building 
face. Surrounding buildings that are reflectors may consti- 
tute hazards in sending too much light into the building. 

4. Basic concept of how the windows are handled. If the glass 
is out on the face of the building and becomes a mirror, then 
obviously a north-facing wall takes on the character of a 
series of mirrors set in a solid structure. The opposite is 
true of a south-facing building. Here the sun penetrates 
through the glass plane and strikes the interior surfaces of 
the building— the walls, furniture, Venetian blinds, or win- 
dow shades. A south-facing building has a much easier time 
taking on a feeling of substance, solidity, and permanence 
than the north-facing building. 

SUN CONTROL SYSTEM 

There are a variety of solutions available to the architect, and 
they can all be used to vary the architectural flavor of a building: 

1. Sun shading devices. Some buildings have shading devices on 
each floor which give even some vertical buildings a com- 
pletely horizontal look. The shadow over the windows gives 
a banded eflect that sets up a particular kind of architectural 
mood for the building. Setting the windows back from the face 
of the building provides a form of sun break as well as a 
strongly modulated fapade. 

2. Glazing materials. Shaded glass stops much of the glare and 
some of the heat but at the same time prevents views into 
the building. If use of shaded glass is not handled properly, 
the architect can produce a pretty deadly building. Tinted 
glass in various hues provides more subtle sun control, but 
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the color must be considered in the design and there are 
problems of reradiation effect. 

3. Interior devices. Some in use today give quite interesting 
architectural effects. The translucent fabric blind is partic- 
ularly noteworthy, because it gives a two-way effect which 
both the occupant and the man in the street can enjoy. 

4. Control of the amount of glass in the building face. Without 
doubt, this is the most widely used system of sun control. 
We are being much more realistic about the use of glass. 
There are rare cases where marvelous views are to be had 
in the upper floors of buildings. However, some buildings in 
our urban environments begin to look ridiculous when the 
major part of their exterior facing is polished plate glass. 
The ultimate effect is that the occupants have to make them 
tenable by adding an absolute barrier of blinds and shades 
and draperies. The average south- or west-facing multiple 
story building with a large glass facing will appear completely 
deadly when all the blinds are pulled. 

DESIGN EXAMPLES 

The range of possibilities available to the architect in designing 
a building to recognize the sun effect, while still respecting the en- 
vironmental relationship and the internal function, provides unlim- 
ited opportunity for individual expression. The following examples 
from my own practice illustrate this point. 

The Transportation Center office building in Philadelphia is an 
east-west facing building — the worst kind of orientation — and 
therefore we used a very small window and a simple limestone fac- 
ing. The average layman might feel that the Transportation Center 
has too few windows, but there is no shortage of natural light or 
views to the outside for the occupants within. 

A new 30-story office building in Baltimore — the Blaustein 
Building — has a glass area limited by code to 35% of the wall area. 
Here we used a narrow, vertical, floor-to-ceiling window with deep- 
ly splayed jambs between to act as a sun break. By placing the win- 
dows out on the face of the building, the entire pane becomes a 
reflective surface, and the appearance is that of a building with much 
larger glass area. On the inside, the light and views are more than 
ample. 

The new municipal office building in Norfolk, Virginia, although 
it has spaces facing east, south, and west (as well as north), over- 
looks the magnificent panorama of tidewater. We have taken maxi- 
mum advantage of these wonderful views by providing all glass walls 
on every floor. To make it tenable for the occupants we have em- 
ployed a ‘‘sun break* wall of two layers of glass, three feet apart. 
The itmer layer is clear glass panes, nine feet tall from floor-to- 
ceiling, installed flush with the face of the building. The outer panes 
are heavily pigmented glass supported on lightweight tubular metal 
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frames projecting off the columns on the building face. A horizon- 
tal louver sunshade at the head of each row of windows screens the 
direct rays of the sun and also serves as a walkway for window 
washers. The stack effect created between the two layers of glass 
permits air currents to rise freely and is calculated to carry off 
about 30% to 35% of the heat gain not absorbed in the air barrier. 
In terms of the air conditioning required to overcome the solar load, 
the result is the equivalent of z building with only 40% glass. 

Whenever dark glass is used for glare control, a certain archi- 
tectural flavor is achieved. The World Headquarters of Monsanto 
Chemical Company in St. Louis is an office building in which an 
automobile-type window glass — composed of two sheets of glass 
with a pigmented vinyl membrane between— was used for sun con- 
trol. The glass is no longer transparent and one cannot see clearly 
into the central spaces of the building. Because of the effect this 
glass has on the substance and massing of the structure, we have 
used wall panels with a fairly high degree of gloss and a color that 
picks up somewhat the same spectrum as the pigment of the glass. 

In summary, it is obvious that the esthetics of any building de- 
sign come as much from a mature, realistic approach to the sun 
effect as from almost any other single force affecting design con- 
cepts. As the architect solves the problem of sun effect, he is put- 
ting his stamp and flavor on the architecture. 



Solar Effects on Building Costs 



By Elmer R. Queer and Everett R. McLaughlin, Pennsylvania State 
University 

Abstract: Solar effects on overall costs of constructing, owning, and operating 
large commericcU buildings are considered, using as an example a detailed present 
worth analysis of a large office budding in New York City. Results of a special 
study of the economic influence of fenestration show that there is a long-term ad- 
vantage of double over single glazing. Formulas are presented, using the values 
for heat absorbing double glazing in New York City, for 15 cost factors affected 
by solar radiation. Data are summarized in tabular form, and methods are given 
for analyzing structures in other geographical areas. 

THIS PAPER DISCUSSES solar eHects on the overall costs of con- 
structing, owning, and operating large commercial and institutional 
buildings. The principles involved can be applied to smaller struc- 
tures but may be unnecessarily detailed for homes and small manu- 
facturing facilities. 

To illustrate a procedure permitting consideration of all sig- 
nificant factors and their interrelationships, a large office building 
is analyzed in detail. Though the particular building is a tax-paying 
structure in New York City, methods and advice are given which 
make it practical to analyze other structures of different types in 
other geographical areas. 

A special study has been made of the engineering and economic 
influence of fenestration on overall building costs and of its rela- 
tionship to the comfort of occupants. Recommendations are included 
on how comfort conditions can be improved and on how overall costs 
can be reduced. Further avenues of research and development are 
suggested. 

PRIMARY CONSIDERATIONS 

It has long been the practice of the Building Owners and Man- 
agers Association to base cost analyses on the rentable square feet 
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of available floor area. This Is always less than the total area occu- 
pied by the building, a value of 8C% being frequently experienced. 
One of the principal requirements of objective comparisons between 
buildings Is the use of a standard procedure In determining rentable 
floor area. Though Individual variations are encountered, the proce- 
dure set forth In American Standard Methods of Determining Areas 
In Office Buildings — ASA Z65.1 (2) Is widely used. 

One of the most Important considerations In building designs In- 
volving solar effects Is the zoning arrangement. Direct solar effects 
apply primarily to the perimeter zone. This may extend toward the 
center of the building 15 to 30 feet, depending upon partition and 
duct arrangement. Because of direct exposure to solar radiation, 
the effects are greatest on the sunny elevations. Many design judg- 
ments and decisions must consider the Influence of the design 
f ac tors In each zone upon the other. Because this has not been com- 
pletely studied In most structures, some designs have been less 
satisfactory than they might have been. 

Recently a joint ASHRAE - lES Committee studied these rela- 
tionships and prepared the summary which Is shown In Table 1. 
Table 2 compares the figures for the office building (Table 1) with 



other recent Installations. 

Since large amounts of money are Involved, both for capital In- 
vestment and for operation, the allotment for each In a building 
budget should be carefully analyzed with all economic considera- 
tions In mind. Otherwise, judgment based on Incomplete Information 
may lead to difficulties for Investors, owners, and operators of the 
building and possibly to less occupant comfort and satisfaction than 
might be achieved for the same expenditure. The principal factors 
which require consideration In a serious economic analysis are 



listed below: 



1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 



Value of money 
Inflation 
Income tax 
Real estate tax 
Insurance 
First costs 
Salvage 
Depreciation 

Maintenance and operation 
19. Location i 



10. Support of wall 

11. Space occupied by walls 

12. SIpeed of construction 

13. Air conditioning 

14. Heat gain 

15. Heat loss 

16. Illumination 

17. Solar radiation 

18. Weather 
orientation. 



The rented value of a given floor area Is difficult to assess, ^ca- 
tion. decor, and popularity have Important economic Influences. 



RECOMMENDATIONS 

The following recommendations are based upon experience and 
upon a special study of economic 

exponents In which particular attention was paid to solar effects 
on overall costs. 
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TABLE 1 — ACTUAL COOLING LOAD SOURCE 
DISTRIBUTION OF A MODERN OFFICE BUILDING^ 



Heat 

Source 


Exterior Offices 


Interior 

Offices 


North 


1 East 1 


South 1 


West 




(Percent at time of maximum load) 




Glass 


27 


56 


51 


56 


— 


Lights 


61 


37 


41 


36 


84 


Occupants 


12 


7 


8 


8 


16 




100 


100 


100 


100 


100 



^ Exterior masonry area was very small: heat gain through it was 
neglected. 

^ Heat from lighting was calculated at 5 watts per sq ft. It was as- 
sumed that occupants would lower Venetian blinds on sunny side 
and turn on lights. 



TABLE 2 — COMPARISON OF TOTAL COOLING LOADS 
OF A MODERN OFFICE BUILDING 
AND OTHER RECENT INSTALLATIONS 



Heat 

Source 


Office 

Building 


Loan 

Office 


Chain 

Store 


Clinic 


A 


B 


C 


D 




(Perccr 


It at time of 


maximum 


load) 


Glass 


11.8 


27.0* 


5.7 


14.8 


Lights^ 


42.3 


12.9 


23.3 


16.9* 


Roof & walls 


00.7 


16.8 


12.0 


33.4 


Occupants 


15.4 


12.2 


33.4 


15.5 


Ventilation 


26.6 


31.1 


21.4 


19.4 


S3Tstem power 


3.2 


— 


4.2 


— 


Glass plus lights 


100.0 


100.0 


100.0 


100.0 


54.1 


39.9 


29.0 


31.7 



^ Heat from lighting in Column A was calculated at 5 watts per sq ft, 
in Columns B and C at 3 watts per sq ft, and in Column D at 2.5 
watts per sq ft. 

^ Large expanse of window exposed west. 

^ Assumes 50% of lights in use. 
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Averaee figures for locations throughout the United States 
show that the ultimate cost of owning insulating glass per 
square foot of rentable floor area is the lowest of the trans- 
parent fenestrations studied. 

First cost of the glass has a direct effect on ultimate cost of 
owning the rentable floor area. For a building with the pro- 
portions used in this study, each dollar change in the first 
cost of a square foot of glass results in a 30-cent 
the ultimate cost of owning a rentable square foot of floor 

The prMent study does not include any value for vision and 
appearance. Present cost evaluations do not recognize that 
vision and beauty have real monetary value. ^ nj^y 
sible to develop a relationship which will permit the addition 
of vision and beauty values into the cost of owning. 

There is no mechanism to express a dollar value for the com- 
fort of glasses and panels. It may be necessary to assign 
arbitrary values to include comfort in the ultimate cost. 
Consumers and architects need guidance on hew to use 
and the mechanical designer needs assistance in providing 
maximum comfort with reasonable utilization of fuel energy. 
It has been customary to base calculations for the amortiza- 
tion or costof owning fenestration on the winter heating costs. 
It is important to consider the savings in capital equipinent 
for both heating and air conditioning as well as the savings 
in heating and air conditioning operating costs. Good practice 
recommendations on glass applications which Increase com- 
fort and reduce building costs attributable to large glass 
areas should be developed, correlated, and published. 
Improved performance would have a definite effect on ^he 
ultimate cost of owning for 50 years. If 
heat-absorbing insulating glass were improved froin 0.55 to 
0 40 Btu/ft?/hr/°F (which is a major reduction), the heat 
loss charge would be reduced 25%. This represents 
duction in the ultimate cost. Similarly, a reduction of 25% in 
the heat gain factor (34.7 to 26.0 Btu/fl?/hr) would reduce 
the ultimate cost of owning 0.7%. 

Maintenance of fenestration can be improved by easier and 
faster cleaning methods, special equipment, and dirt-repel- 
ling surfaces. 

Automatic Illumination controls offer considerable promise 
through reduced costs for cooling equipment and operation. 
The high solar load coincides with the high natural illumina- 
tion. Reducing the artificial illumination during these periods 
results in several benefits. The cooling capacity required to 
remove the heat generated by the lights is reduced. The en- 
ergy cost for artificial lighting is reduced. The lighting equip- 
ment has a longer life with less frequent ^^eplacfment. The 
success of such a control depends on a combination of sim- 
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plicity End rEllEbility, with e modulEting Ection which is not 
distrEcting. On-off control of the entire lighting system or e 
mEjor pETt thereof is not likely to be populsr. Studies with 
control systems indicEte thEt substEntiEl potentiEl SEving^ 
Ere prEcticElly EttEinEble. 



DISCUSSION OF RESILTS 

The study revesled e long-term EdvEntEge of double over single 
glEzing. However, the economic importEnce of glESs cleEning costs 
End the potentifll value of EUtomEtic electric lighting controls which 
the study revesled were completely unexpected. These dsts were 
developed by studying e $3 million ten-story, 100 by 100 ft office 
building locEted in New York City. Wells were fsced north, south, 
esst, and west on an unshaded site. The procedure used for the anal- 
ysis was based on the present worth concept (3, 4) which is widely 
recognized by accountants as more accurate than amortization 
formulas. 

Many arbitrary assumptions were necessary in setting up the 
study conditions. However, checks against published data on actual 
buildings indicate that the results are of the right order of magnitude. 

The calculations are fullydetailed. Changes in the basic assump- 
tions will, of course. Influence the results. However, checks have 
indicated that likely variations will not change the results enough 
to warrant drawing up different recommendations, when the ratio 
of glass area to total wall area is greater than 25% and the useful 
life of the building is more than 30 years. Specific instructions are 
provided, if it is desired to study other building types or Job con- 
ditions. (See section on Computations and Analysis.) 

Taxes affect the ultimate cost of owning a wall in several ways. 
There is a tendency to accept materials having a lower first cost 
and higher maintenance costs, since operating expenditures maybe 
deducted for income purposes. This is offset by the allowances for 
depreciation, which would be higher for a higher first cost. On the 
other hand, it Is enhanced by the interest which could accrue on the 
difference in first cost if it were invested. 

There are at least two tax categories for ownership: taxable an- 
tax-free. The latter category includes public buildings, schools, 
churches, and non-profit institutions. Any tax rate used must be a 
composite figure for federal, state, and local income taxes over the 
anticipated life of the building. 



^ The automatic electric lighting control is a device developed to 
control the electric Illumination in an inverse ratio to the available 
natural illumination. It is accomplished by a photoelectrical con- 
trol that cuts out sections of the electric lighting as the solar il- 
lumination increases and turns them on as natural light decreases. 
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Real estate taxes are quite variable in tax rates and in compu- 
tation of the ratio of assessed value to market value. Some attempt 
has b«?en made to reflect these differences for geographic areas. 

Insurance is a factor which varies considerably with the policy 
of the rating bureau and the material of construction. Coverage is 
not required for the total initial cost, as part of the initial cost is 
for items not readily destroyed by fire. The cost for insurance is 
a small part of the ultimate cost of owning a wall. 

Cities with representative balance between summer and winter 
conditions were selected for study (1, 5). 

ORIENTATION 

The orientation of a building affects the solar radiation which 
strikes a given wall and, depending on the construction of the wall, 
affects the cooling equipment required. In the North Temperate Zone 
the wall facing south will receive more energy throughout the day 
than the wall facing north. Other orientations may have even greater 
loads, as the factors ofradiation rates and angles of incidence com- 
bine to produce high loads. 

Maximum solar radiation rates are plotted for each orientation 
in Fig. 1. For this analysis the average of the loads for the four 
priqcipel compass points has been used. 




Figure 1 — Maximum cooling loads vs. orientation, 
40° North Latitude, 1/4 in. plate glass. 



SOLAR EFFECTS ON BUILDING COSTS 



47 



COMPUTATIONS AND ANALYSIS 

To calculate the ultimate cost on the basis of rentable floor area, 
it is necessary to include the cost of the building structure and its 
maintei^ance over the life of the building. For this purpose a 100 ft 
by 100 ft building having 48,000 sq ft of wall area covering ten 
stories was selected as a model. It is assumed that 80% of the total 
floor area is rentable, making a total of 80,000 sq ft, and that the 
building will be located in New York City, 

The results of these calculations are given in Table 3. The table 
follows the basic practice in cost considerations in relating the cost 
of the building to rentable floor area. The first costs are seen to 
range from about $32 to $35 per sq ft of rentable floor area. Present 
worth of ultimate costs based on an anticipated 50-year life of the 
building range from about $50 to $55 per sq ft of rentable floor area, 
depending upon the make-up of the wall. Also included is the uni- 
form annual cost which ranges from about $3.23 to $3.46 per sq ft 



TABLE 3 — OWNERS’ TOTAL COSTS PER MUARE FOOT 
OF RENTABLE FLOOR AREA^ 



Wall 


Glass Type 


First 

Cost® 


Present 
Worth of 
Ultimate 
Costs® 


Uniform 

Annual 

Costs^ 


50% glass/ 


1 in. double window with 




$52.71 


$3.34 


50% masonry 


solar retardant 


$33.78 


1 in. double window 


33.31 


52.52 


3.33 




1/4 in. solar retardant 


32.55 


52.78 


3.35 




l/4 in. plate glass 


32.38 


52.79 


3.35 


50% glass/ 


7/32 in. sheet glass 
1 in. double window with 


32.21 


52.63 


3.34 


50% panel 


solar retardant 


34.66 


53.43 


3.39 


1 in. double window 


34.19 


53.34 


3.38 




1/4 in. solar retardant 


33.43 


53.50 


3.39 




1/4 in. plate glass 


33.26 


53.51 


3.39 


100% glass 


7/32 in. sheet glass 
1 in. double window with 


33.09 


53.35 


3.38 


solar retardant 


35.30 


54.44 


3.45 




1 in. double window 


34.36 


54.06 


3.43 




1/4 in. solar retardant 


32.84 


54.58 


3.46 




1/4 in. plate glass 


32.50 


54.60 


3.46 




7/32 in. sheet glass 


32.16 


54.28 


3.44 


100% masonry 




S2.26 


50.98 


3.23 


100% metal panel 




34.02 


51.70 


3.2^: 



New York City. 

^ Includes architects' fees and land. 

^ Includes first cost but excludes land. 

* Present Worth x Capital Recovery Factor, excludes land. 
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of rontablo floor &T6a, a variation of about $0.23. In dotcr mining 
these total costs, the individual items were found to exert prcpcr- 
tional influences similar to those shown in Table 4. 

Certain assumptions must be made on economic factors, such 
as interest or cost of borrowing money, energy costs, inflation, and 
taxes. Where the same assumptions are made for the costs of walls 
being compared, the comparison will be valid. Past trends should 
be evaluated over a sufficiently long interval to permit projection 
into the future. 



TABLE 4 — DISTRIBUTION OF COSTS 
FOR BUILDING WITH 50% DOUBLE WINDOWS 
WITH SOLAR RETARDANT 



Item 


New York City 
First Cost 


Ultimate 
50- Year Cost 




(%) 


(%) 


Glass and glazing 


5 


4 


Sash 


2 


1 


Glass 






Heating 


1 


2 

n 


Cooling 


4 


3 


Cleaning 


* 


2 


Masonry 


2 


6 


Other heating 


1 


1 


Other cooling 


2 


1 

fV 


Electrical 


10 


7 


Land 


22 


0 


Architects’ fees 


5 


3 


Maintenance and operation 




20 


Insurance 




1 


Real estate tax 




23 


Structure and accessories 


46 


26 


Total 


100 


100 



FACTORS AFFECTED BY SOLAR RADIATION 

First costs are not immune from certain solar effects, as they 
are influenced by the weather and by shipping charges. Weather 
conditions during construction also influence erection costs. 

Table 5 shows basic cost factors common to all wall panels. 
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TABLE 5 — BASIC COOT FACTORS COMMON TO ALL WALL PANELS 



Factor 


Base 


Value of money 

Anttolpeted uieftil life of building 
Depreciation rate on bulldlnga 
Anticipated uaeAil life of mechanical equipment 
Depreclatton rate on mechanical equipment 


6% per annum or 0.00115 per week 
50 years 
a% per year 
20 years 
5% per year 


Anticipated average annual rate of price changes 
Income taxes 
Real eatate taxes 
Inauranoe 

Mechanical equipment 

Combined heating plant maintenance and fuel 
Combined air conditioning plant maintenance 


none 

40.02 

40.01 

40.0577 

40.0555 


and electricity 
Maintenance on walla 
Electricity 

Total equivalent Income tax rate 


40.02 

40.0577 

40.01 

57% of profit 


Real estate taxes 

Ratio of asaessed value to market value 
Tax rate 

Concrete coets 


0.75 

4% per $100 assessed valuation (See 
Table 7) 


Superstructure 

Foundations 


$80.00 per ou yd 
$55.00 per ou yd 


Air oondlttonlng 
Inlttal plant cost 
Power costs 
Power Input per ton 
Wall orientation 
Design temperature 
Summer degree days per year 


$ 0.15 per Btu hourly capacity 
$ 0.02 per kw-hr 
1.6 kw 

Average of N, E, S, and W 
(See TaUe 7) 

(See TaUe 7) 


Heating 

Initial plant cost 
Fuel cost 

Design temperature 
Heating degree days per year 


$ 0.02 per Btu of hourly capacity 
$ 0.17 per therm (100.000 Btu) 
(See TaUe 7) 

(See TaUe 7) 


Illumination 
Power cost 

Lamp replacement coet 
Design level 

niumlnatton (foot>candleB per watt 


$ 0.02 per kw-hr 
$ 0.04 per watt 
75 foot-candles 


per aq ft of floor area) 
Normal lamp life 


15 foot-candles 
8000 hr 



Calculations in this study of the specific cost factors for each 
wall panel were made in accordance with the formulas presented 
here. Examples are based on values for heat absorbing double 
glazing in New York City. 

1. First cost. 

Costs of wall materials and their erection are based on 
typical information from reliable sources. The use of a me- 
dian has beon attempted to avoid values which are misleading 
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because of non-typical features in the construction. The choice 
of a typical first cost is important because this affects the 
ultimate cost almost directly. Values of the initial cost of 
walls selected for this analysis are shown in Table 6. 

Example: $7.66 for heat absorbing double glazing, instal- 
led. including sash. 



2 . 



Support of the wall charge. - ^ 

With a wide variation in the weight per square foot of wall, 
it hs p been assumed that a portion of the cost of erecting the 
structural frame and foundations should be considered apart 
of the initial cost. The mathematical expression for this 
charge is: 



Ch 



P(16.63 F) 
6670 



Where: Ch is the initial construction cost of the struc- 

tural frame and foundations attributable 
to one square foot of wall area. 

P is the weight of the wall in pounds per 
square foot. 

F is the number of floors. 

Example: C. * 7(16.33 + 10) * $0.03 
“ 6670 



3. Charge for floor space occupancy. 

When space is limited, and this is assumed to be the case 
only if the building walls are erected on the building restric- 
tion line, the thickness of the wall is an economic factor. 
The walls occupy rentable or usable floor space, and the cost 
of providing this space is calculated by the following formula: 



12S 

is the initial cost per square foot of wall 
area for providing the additional floor 
space occupied by the wall. 

is the cost of the buildingper square foot 
of floor area. 



fw 



Where: C 



fw 




Mi nimum cost masonry wall 
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Y is the wall thickness in inches. 

S is the floor wall hei^t in feet. 
Example: « 



4. Total initial wall cost. 

This total cost is the sum of Items 1, 2 and 3. 

Example: $7.66 + $0.03 + $0.41 s $8.10 

5. Depreciation credit. 

There are many methods for computing the depreciation 
of exterior walls. In certain instances very rapid deprecia- 
tion is used or permitted. For this analysis, depreciation is 
assumed on a strai^t line basis over the 50-year life of the 
building. 



Where: 




F„TCjD^ 



V . is the present value of the initial cost 
^ recovered by depreciation tax credit per 
square foot of wall area. 



is the present worth factor for a uni- 
form annual series for the tax life of the 
building. 



N 

p i is the interest rate, 

u 1 (1 + 1 )^ N is the number of time 
' ' periods. 

Note: i and N must be functions of the 
same period of time. If i is the 
interest rate per annum, N is ex- 
pressed in years. 

T is the total equivalent income tax. 



C. is the total initial cost attributable to 
the wall per square foot, including wall 
construction, cost ofsupportingthewall, 
and a charge for floor space occupancy, 
if any. 



D^ is the annual depreciation rate. 
Example: = 15.762 x 0.57 x 8.10 x 0.02 = $1.46 
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6. Salvage credit. 

The present scrap value of the wall must be converted to 
the present value of the anticipated salvage income less taxes 
at the end of the 50-year life of the building. 





V 


Fg Cg (1 + Nf) (1 - T) 


Where: 




is the present worth factor for a single 
future payment. 






n x 4 \N * the interest rate. 

^ ' N is the number of time 

periods. 




Cs 


is the present scrap value. 




N 


is the time in years. 




f 


is the average annual rate of price 
change. 




T 


is total equivalent income tax rate. 


Example: 


CD 

II II 


f5.0543 X 0.77 (1 + 50 X 0.0377) (1 - 0.57) 
<i'^.05 



7. Early occiqpancy credit. 

IVhere speed of erection is a factor in permitting earlier 
occiqpancy and providing a quicker return on the investment, 
the present value of the savings per square foot of wall area 
may be calculated: 




Where: V is the present value of the savings per 

square foot of wall area made by a fas- 
ter return on the investment due to ear- 
lier occiq>ancy. 



C. is the investment or total initial cost of 
the building. 



A is the gross exterior wall area in square 
^ feet. 
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i is the rate of return on the investment. 

W is the number of time periods saved by 
earlier occupancy (1.9 weeks). 

Example; = ^*4M00^ ' "(1+ 0.00115) j 

Vpo * $0.14 

8. Air conditioning credit for daylight illumination. 

Use of dayli^t illuminationwhen solar radiation is preva- 
lent permits a reduction in use of electrical illumination. 
This results not only in a reduction of the electrical energy 
consumption and reduced lamp replacement costs but, with 
proper control, also permits a reduction in the air con- 
ditioning capacity. The control prevents the lighting load 
and the solar load from occurring at the same time. On 
overcast days, when electrical illumination is required, the 
air conditioning load from the glass areas is much reduced, 
consisting of a transfer of diffuse radiation. The first of 
these loads can be calculated by multiplying the difference 
between interior and exterior design temperatures by the 
transmittance value. U. 

Hgc=(to-ti)U 

= (85 - 76) X 0.55 « 4.95 Btu/fl^/hr 

The diffuse radiation transfer has been estimated at 5.00 
Btu/f1^/hr. The total heat load is 10.0 Btu/fl?/hr. The heat 
load from the electrical illumination is calculated on a basis 
of 5 watts per square foot of floor area and 2.5 sq ft of floor 
area per sq ft of window area. This equivalent 12.5 watts per 
sq ft of window area represents 42.7 Btu/fl^/hr. When the 
electrical illumination is reduced, the net reduction of air 
conditioning capacity is: 




1 gc 




Where: is the heat load from electrical illumi- 

nation. 

H is the heat load from temperature dif- 
^ ference across the window. 



H . is the heat load from diffuse radiation, 

ga 
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Example: H = 42.7 - 4.95 - 5,00 

etc 

= 32.7 Btu/ft®/hr 

The credit to be allowed for the glass is calculated by the 
same formula used for the heat gain charge in Item 8 above. 
This accounts for savings in first cost of the air conditioning 
equipment, rebuilding every 20 years, depreciation, insur- 
ance, real estate tax, and operating costs. By proportionality 
the credit is: 





Vc 


= :!!ac*^pg 
H 

g 


Where: 


Vc 


is the present value of the reduction in 
the air conditioning plant capacity and 
operating costs to be credited to the 
window. 




«ao 


is the net reduction in the air condition- 
ing plant capacity. 




H 

g 


is the heat gain through the window from 
solar radiation as used in Item 10. 




'^Pg 


is the present value of the summer air 
conditioning plant first cost and oper- 
ating costs as calculated in Item 10. 


Example: 


V 


- ^ X 4.97 = $4.69 



9. Illumination charge. 

Windows permit the use of natural illumination to supple- 
ment artificial illumination. The cost of electric power and 
lamp replacement can be expressed in present values by the 
formula: 
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Where: I is the illuminatioa design level at the 

working plane in fort-candles. 



Q is the average ratio of floor area in 
rooms with windows to window area. 

W is the illumination provided in foot 
candles per watt of electricity per 
square foot of floor area. 

T is the total equivalent income tax rate. 

E is the electric power costs per kw-hr. 

L is the annual number of hours of arti- 

ficial illumination. 

F is the present worth factor for a uni- 
form annual series of equal future 
expenditures duringthe life of the build- 
ing. 

P Pu the approximate present worth cor- 
^ rection factor for a uniformly increas- 
ing series of future annual expendi- 
tures. (Py * 1.175) 

Cj is the lamp replacement cost per watt. 

F’ is the present worth factor for a non- 
annual series of uniformly increasing 
cost to replace lamps. 

Examole: V . s 75 x 2.5 x 0.43 

p* — n 

[ 0.02 X 800 X 15.762 x 1.175 + 0.04 x 2.124| 

1000 J 

r: $2.06 



10. Heat gain charge. 

Heat penetrating a building wall into the air conditioned 
space can be removed at considerable expense. Total annual 
cooling costs per Btu of hourly plant capacity, Xgj, were es- 
timated as the annual power cost for cooling perwu of heat 
gain plus 50% for operating personnel and maintenance. The 
combination of summer degree days and the corresponding 
winter degree days was plotted and cities were selected for 
study as representative of conditions to be encountered in the 
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United States. The west coast cities have very few summer 
degree days but have a range of winter degree days. See 
Table 7, page 58. 



Where: 



X »1.5C « 1.5 KEG 

X is total annual cooling cost per Btu of 
® hourly plant capacity. 



C is annual electric power cost per Btu 
* of hourly plant capacity. 



K is the number of summer degree days. 
E is the electric power cost per kw-hr 



$ 

Example: 




is the power input in kw per ton. 

is the design exterior temperature. 

is the diurnal temperature range. 

« 1.5 X 250 X 0.02 X 1.6 

(95 - 0.5 X 20 - 70) x 500 



« 0.0016 



The initial and present value of future operating costs of 
a summer air conditioning plant necessary to meet the heat 
gain through the wall must be added to the initial wall cost. 
These values may be calculated as follows: 





ri + P^„(l-T)-DgTF-„ + 

I, (1 - T) + V,RjF^ (1 - T) 

+ X H P F (1 - T) 
g g u u ' 



Where: V is the present value of the initial cost 

and operating cost of the air condition- 
ing plant attributed to 1 sq ft of wall 
area. 



n is the heat gain through the wall in Btu 
^ per hour per squai*e foot. 

M is the initial cost ofthe air conditioning 
® plant per Btu of hourly capacity. 
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is the present worth factor for a non- 
annual series of expenditures to rebuild 
the air conditioning plant when rebuild- 
ing cost is expected to change. 

is the total equivalent income tax rate. 

is the depreciation rate on the air con- 
ditioning plant. 

is the present worth factor for a uniform 
annual series of depreciation tax cred- 
its on the air conditioning plant, when 
rebuilding costs are expected to change. 

is the insurance rate on the building 
with the wall type under consideration. 

is the present worth factor for a uni- 
form annual series to the life of the 
building = 15.762. 

is the ratio of tax assessed value to 
market value of the air conditioning 
plant. 

is the real estate tax rate. 

is the total annual cooling costs per 
Btu of hourly plant capacity. 

is the approximate present value cor- 
rection factor for a uniformly changing 
series of future annual expenditures -.t 
1.32. 



Example: Vp^ = ? .7 x 0.13 

[l + 0.791 (1 - 0.57) 



- 0.05 X 0.57 X 19.54 



+ 0.0006 X 15.762 (1 - 0.57) 

+ 0.75 X 0.04 X 15.762 x (1 - 0.57)J 
+ 0.0016 X 34.7 X 1.32 x 15.762 (1 - 0.57) 
* $4.97 
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11. Heat loss charge. 

Annual operating costs per square foot of wall area, 
are computed by the following formula: 



Xh 

(tf - T^) 4167 

V.^ere: X. is the annual operating cost per Btu of 

hourly capacity. 



D^ is the heating degree-days per year. 

C. is the operating cost of the heating plant 
per therm (100,000 Btu) of hourly capa- 
city. 



tj is the inside design temperature. 

t is the outside design temperature, 
o 



The relationship of winter design temperature to winter 
degree days was plotted for the cities selected for study. See 
Table 8. 



Example: X. = 5000 x 1.5 x 0.17 = 0.00437 
" (70-0)4167 



TABLE 8 — WINTER HEAT LOSS DATA 



Geographical 

Location 


Latitude 


Winter 

Degree 

Days 


Design Temp., 
Winter 


Phoenix 


30® 


1500 


35® 


Los Angeles 


30® 


1500 


40® 


Shreveport 


30® 


2000 


14® 


Little Rock 


40® 


3000 


10® 


San Francisco 


40® 


3000 


40® 


Richmond 


40® 


4000 


10® 


Portland 


40® 


4000 


10® 


Kansas City 


40® 


5000 


-10® 


New York 


40® 


5000 


0® 


Denver 


40® 


6000 


-10® 


Buffalo 


40® 


7000 


-5® 


Minneapolis 


40® 


8000 


-25® 


Bismarck 


50® 


9000 


-30® 


Duluth 


50® 


9600 


-30® 
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The initial cost and the present value of operating costs 
of the heating plant required by each square foot of wall area, 
including real estate taxes, insurance, and rebuilding costs 
less depreciation on the plant, are calculated by the following 
formula: 



W =«h"<‘l-V (1-T) 

- TDh F’u 

0-T) 

*«r^0-T)] 



Where: V . is the present value of the annual heat- 

^ ing cost and the initial cost cf the heat- 
ing plant attributed to each square foot 
of wall area. 



M|^ is the initial cost of heating plant per 
Btu of hourly capacity. 

U is the heat loss through 1 sq ft of wall 
area in Btu per hr per ° F differential 
across the wall. 



tj is the inside design temperature. ° F. 

t^ is the outside design temperature. ° F. 

is the present worth factor for a non- 
annual series of expenditure to rebuild 
the heating plant when rebuilding cost 
is expected to change = 0.791. 

T is the total equivalent income tax ratq. 

D. is the depreciation rate on the heating 
plant. 

F’y is the present worth factor for a uni- 
form annual series of tax credits on the 
heating plant, when rebuilding costs are 
expected to change = 19.54. 



is the ratio of tax assessed value to 
market value of the heating plant. 



62 



SOLAR EFFECTS ON BUILDING DESIGN 





Example. Vpj^ 



is the real estate tax rate. 

is the present value factor for a uni- 
form annual series for the life of the 
building = 15.762. 

is the insurance rate on the building 
with the wall under consideration. 

is the total annual heating costs per 
Btu of hourly plant capacity. 

is the approximate present worth cor- 
rection factor for a uniformly changing 
series of future annual expenditures = 
1.53. 

0.02 X 0.55 X (70-0) 

[l + 0.791 X 0.43 

- 0.57 X 0.05 X 19.54 



+ 0.75 X 0.04 X 15.762 x 0.43 
-I- 0.0006 X 15.762 x O.43J 
+ 0.55 X (70-0) X 0.00437 x 0.43 x 1.53 
X 15.762 



= $2.51 



12. Maintenance charge. 

The maintenance schedule for the window is: 

$0.12 per year cleaning inside. 

$0.12 per year cleaning outside. 

$0.05 per year cleaning blinds. 

Total $0.29 per year. 

The present value of making an expenditure every year 
for the next 50 years is: 

Where: V is the present value of making an ex- 

^ penditure every year for the next 50 
years. 
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Fy is the present worth factor for a uni- 
form annual series for the tax life of 
the building = 15.762. 

is the approximate present worth cor- 
rection factor for a uniformly increas- 
ing series of future annual expendi- 
tures = 1.59. 

C is the yearly cleaning cost. 

T is the total equivalent income tax rate. 

Example: = 15.762 x 1.59 x 0.29 (1-0.57) 

= $3.13 

Windows will require an expenditure of $0.06 per sq ft 
for calking every 16 years. The present worth of this cost 
is calculated as: 

'^pml6 “ ^ nul6 C(1 - T) 

Where: ^*nul6 present worth factor for a 16- 

year series of calking costs. 

C is the cost for calking. 

T is the total equivalent income tax rate. 

Example: Vp^^^g = 1.145 x 0.06 x (1-0.57) 

= $0.03 

The total maintenance charge is the sum of cleaning and 
calking costs: 



V = V + V 
pm pm* pml6 

= 3.13 + 0.03 = $3.16 



Insurance charge. 

The present value of the fire insurance costs on a build- 
ing chargeable to the wall may be computed as follows: 





= ®u*r*’u*'u 


Where: V - 

pi 


is the present value of the fire insurance 
costs attributable to 1 sq ft of wall area. 
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0 



is the value of the wall under consider- 
ation. 

If is the insurance rate on the building 
with the wall under consideration. 

Pu is the approximate present worth cor- 
rection factor for a uniformly changing 
series of future annual expenditures = 
1.45. 

F^ is the present worth factor for a uni- 
form annual series for the life of the 
buildings 15.762. 

T is the total equivalent income tax rate. 

E is the ratio of the initial replacement 
cost to initial building cost. 



Example: Vp^ 



= 8. 10 X 0.0008 X 1.45 X 15.762 X 0.43 X 0.94 
= $0.06 



14. Real estate tax charge. 

The present value of a future real estate tax chargeable 
to 1 sq ft of wall area may be computed as follows: 





V 


= (1-T) 


Where: 


s 


is the total initial cost of the wall per 
square foot. 






is the local real estate tax rate per 
year. 






is the local ratio of assessed valuation 
to market value. 




F 

u 


is the present worth factor of a uniform 
annual series for the life of the building. 


Example: 


V 

prt 


= 8.10 x 0.04 X 0.75 x 15.762 x 0.43 



= $1.65 



Values used in this analysis are found in Table 9. 

15. Ultimate cost, 50 years. 

The 50-year ultimate cost is the sum of Items 4, 9, 10, 
11, 12, 13, and 14 less the sum of Items 5, 6, 7, and 8. 




/ 

i 
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Example: $8,104-2.06 4- 4.97 4- 2.51 4- 3.16 4 - 0.06 4- 1.65 

-(1.464- 0.054- 0.144-4.69) 

= $16.17 



TABLE 9 — REAL ESTATE TAX DATA 



Geographical 

Location 


Tax Rate 


Ratio of Assessed 
Valuation to Market Value 


Phoenix 


^Percent) 

4* 


0.5D* 


Los Angeles 


10 


0.35 


Shreveport 


3* 


0.25* 


Little Rock 


4* 


0.50* 


San Francisco 


4* 


0.75* 


Richmond 


2 


1.00 


Portland 


7 


0.50 


Kansas City 


6* 


0.40* 


New York 


4 


0.75 


Denver 


5 


0.40 


Buffalo 


4 


0.60 


Minneapolis 


15 


0.17 


Bismarck 


7 


0.25 


Duluth 


7 * 


0.25* 



* Estimated value. 



The costs for each of the factors considered for each wall panel 
are summarized in Table 10. 

The ultimate cost of owning the wall (Table 10) is combined with 
the other ultimate costs of owning the structure (Table 11) to obtain 
the ultimate cost of owning a square foot of rentable floor area. The 
owner’s total costs of owning the square foot of rentable area are 
summarized in Table 3 (page 47). 

INTEREST AND TIME 

For those who wish to study the effect of interest rates or de- 
preciation rates, the formulas can be utilized with factors for the 
proper rate. The interest rate will affect the present worth factors 
for single future payments (F ), and uniform series of future annual 
payments (F^) in accordance with the following equations: 

Fs=_J 

0 + l)N 

1 (1 + 1)N 
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The interest rate (i) and the number of time periods (N) must be 
expressed in the same terms — weeks, months, or years. Interest 
tables are available withthese factors computed for several interest 
rates. The table for a 6% interest rate is included here as Table 12. 

Where an average annual rate of price change (f) is used, the 
present worth factors must be supplemented by a correction factor 
which includes this change. 

P = 1 /•" (l + Ni)dN 

^ — I N“ 

F^J ^ (1 + i)"" 

Where; P is the correction factor for the present 
^ worth for a uniformly changing series of 
future annual expenditures. 

F is the present worth factor for a uniform 
^ series of equal future annual expenditures 
for n years. 



N is time in years. 

i is the value of money. 

f is the average annual rate of price change. 

f 

After specific values are selected for the variables in the above 
equation, a solution to the integration may be approximated by 
Simpson’s Rule. 

Where future costs occur at regular intervals other than annual 
periods, the cost is calculated by multiplying the present cost (C) 
by the factor (1 +Nf) and the present worth factor (Fs) for the single 
future payment. The single payments for the span of time under con- 
sideration are added to obtain the total present value of future costs 
at the non- annual intervals. 

When the value of money i is 6%, the present cost of painting is 
$0.10 per sq ft. and this cost is expected to rise at a rate (f) of 
0.0377 per year, the present value of all future painting costs is 
calculated as follows: 



N Year 


F^ at 6% 
s 


Future Cost 
c (1 + Nf) 


Present Value of 

Future Costs 

F^ C (1 + Nf) 
s 


4th 


0.7921 


$0.1151 


$0,091 


8th 


0.6274 


0.1302 


0.082 


12th 


0.4970 


0.1452 


0.072 


16th 


0.3936 


0.1603 


0.063 


20th 


0.3118 


0.1754 


0.055 


Total present 


value of future painting costs 


$0,363 
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TABLE 12 — PRESENT WORTH FACTORS, 6% INTEREST RATE 



N 


F 


F 




s 


u 


Year 


Single Payment 


Uniform Annual Series 


1 


0.9434 


0.943 


2 


0.8900 


1.833 


3 


0.8396 


2.673 


4 


0.7921 


3,465 


5 


0.7473 


4.212 


6 


0.7050 


4.917 


7 


0.6651 


5.582 


8 


0.6274 


6.210 


9 


0.5919 


6.802 


10 


0.5584 


7.360 


11 


0,5268 


7.887 


12 


0.4970 


8.384 


13 


0.4688 


8.853 


14 


0.4423 


9.295 


15 


0.4173 


9.712 


16 


0.3936 


10.106 


17 


0.3714 


10.477 


18 


0.3503 


10.828 


19 


0.3305 


11.158 


20 


0.3118 


11.470 


21 


0.2942 


11.764 


22 


0.2775 


12.042 


23 


0.2618 


12.303 


24 


0.2470 


12.550 


25 


0.2330 


12.783 


26 


0.2198 


13.003 


27 


0.2074 


13.211 


28 


0.1956 


13.406 


29 


0.1846 


13.591 


30 


0.1741 


13.765 


31 


0.1643 


13.929 


32 


0.1550 


14.084 


33 


0.1462 


14.230 


34 


0.1379 


14.368 


35 


0.1301 


14.498 


36 


0.1227 


14.620 


37 


0.1158 


14.737 


38 


0.1092 


14.846 


39 


0.1031 


14.949 


40 


0.0972 


15.046 


41 


0.0917 


15.138 


42 


0.0865 


15.225 


43 


0.0816 


15.306 


44 


0.0770 


15.383 


45 


0.0727 


15.456 


46 


0.0685 


15.524 


47 


0.0647 


15.589 


48 


0.0610 


15.650 


49 


0.0575 


15.708 


50 


0.0543 


15.762 
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These new factors can be substituted in the appropriate equa- 
tions to calculate the ultimate costs for the wall construction under 
the financial conditions imposed. 
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Selection of Glass and Solar Shading 
To Reduce Cooling Demand 



by Alfred L. Jaros, Jr., Jaros,Baum&Bolles, Consulting Engineers 



Abstract: Solar radiant heat input is evaluated for five types of glasses (single 
plate, double plate, single heat-absorbing, heat-retarding plate, and laminated 
heat-reflecting) and for five shading devices (inside light-colored Venetian blinds, 
inside polished aluminum Venetian blinds, outside closed awnings, outside open- 
side awnings, and outside lonvers, Venetian blinds or shading semens). Com- 
parisons are made of unshaded glasses and of single plate glass with shcuUng 
devices, giving estimated cost and saving for each. Wet roof operation is also 
evaluated. It is concluded that if no shading is provided, heat-reflecting or single 
heat-absorbing glasses should be used; that if shading devices are used, single 
plate glass with inside Venetian blinds is the mo'tt economically efficient combina- 
tion; and that outside shading devices often give the largest thermal savings but 
are high in installation cost 



THIS PAPER COMPARES AND EVALUATES the constructions used 
to reduce the input of heat derived from solar radiation throu^ 
windows, with particular reference to costs of installation, savings 
in air conditioning load, and consequent net savings in total invest- 
ment and in evaluated annual cost. For basic data, the selected unit 
size was one square foot of glass; for application comparisons, it 
was one horizontal running foot of glass, six feet high. Sash, mul- 
lions, muntins, etc., are external to these unit sizes. 

Not all possible shading devices could be considered. Some de- 
vices, such as fixed concrete vertical louvers or vertical screen 
walls, must be regarded as architectural treatment. Their patterns, 
proportions, and costs vary so greatly that it is not feasible to eval- 
uate them generally. 

METHODS OF ANALYSIS 

The following methods seem most practical for evaluating solar 
radiant heat input and the various devices for controlling it: 



JAROS, ALFRED L., JR. Partner, Jaros, Baum & Bolles, Consult- 
ing Engineers; member, American Association for the Advancement 
of Science, American Itociety of Mechanical Engineers, BRI, and 
Society of American Military Engineers; Past President, New York 
Association of Consulting Engineers. 
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1. Determine Btu/hr heat input through single plate glass. 

2. Determine the difference in Btu/hr transmitted between single 
plate glass and the particular solar heat rejecting method 
for one square foot of glass. 

3. Make comparisons per horizontal linear foot of glass, six 
feet high. Computations have been based on glass running 
continuously for considerable widths, with suitably spaced 
narrow mullionc ; these should apply equally to a row of win- 
dows or to a really continuous band. For heights other than 
six feet, one may prorate. 

4. Base all computations on net square feet of actual glass. A 
tentative 15% discount may be made in sizing actual air 
conditioning equipment for that portion of the total window 
opening which is not glass. 

5. Consider the aggregrate sensible heat entering through glass . 
The ASHRAE Guide (Heating, Ventilating,and Air-Conditioning 
Guide of the American Society of Heating, Refrigerating and 
Air-Conditioning Engineers) provides basic data for this eval- 
uation. It has been necessary in this p«^per to extend the 
ASHRAE data to other types of glass and shading, but these 
extensions are believed to be as reliable as the data derived 
from the ASHRAE Guide. 

6. Determine a reasonable Installed cost for the particular solar 
heat rejecting method, assuming^ that it is to be added to a 
structurally complete building. 

7. Having determined the reduction in heat input resulting from 
a given type of glass or shading, evaluate the expected saving 
in installation coat of air conditioning equipment. For the 
purpose of this paper, it seems reasonable to evaluate such 
savings at 5 JOO/ton of refrigeration or about 65% of present 
day unit coats of complete installations for typical New York 
City office buildings of good quality. This figure may be sub- 
divided into $300/ton for the central plant and $600/ton for 
the distributing systems. 

8. Evaluate the probable savings in annual ton-hours of cooling 
consumption, using data giving the average percentage of 
sunshine hours and the degree to which the particular glass 
or shading will exclude sunshine. 

9. Consider orientation and configuration. Different orientations 
produce different figures. 

10. Evaluate the annual cooling consumption savings. It seems 
logical to consider only the costs of electricity, steem. water, 
etc; not operating labor nor annual maintenance cosia. For 
this paper, 2.5'?/ton-hour of refrigeration per season has 
been used as a working average. 

11. Add to the operating savings the savings in fixed charges — 
interest on the investment, amortization, taxes, etc. For this 
paper, 10% has been used. 

12. Add to the annual operating saving the fixed charges on the 
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net investment saving resulting from the shading method to 
get the overall annual saving. 

COMPUTATIONS 

All computations (except for reflecting glass) have been made 
in accordance with methods and data given in Chapter 13 of the 1960 
ASHRAE Guide, pages 195-201. Data received from one manufac- 
turer of reflecting glass have been used for this type. 

Data for 40^ North Latitude have been used, and the results may 
be considered sufficiently close for 38P to 4^ . Times stated are 
local sun time. 

Solar input figures have been based on very clear weather, which 
will produce maximum solar heat gain. Reduction because of haze 
would reduce only the operating savings. Conduction and convection 
of sensible heat through glass only, owing to difference between in- 
door and outdoor air temperature, are included in all computations. 
A maintained indoor dry bulb temperature of 75^ F has been used 
throughout (instead of 8(r F as in the ASHRAE Guide), as being more 
typicsd of future practice. Instead of a uniform 95*^ F outdoor dry 
bidb temperature (as in the ASHRAE Guide), the following outdoor 
temperatures have been used, as being more typical for a clear 
summer day: 

Time: 0700 0800 0900 1000 1100 1200-1300 1400-1700 1800-1900 
Temp: 85®F 86°F 88^F 90 Pf 92®F 94®F 95°F 94®F 

Since tabulations (see Table l,p. 76) are based on net glass area 
exposed to sunshine, they uhould not be multiplied by masonry open- 
ing areas without correction. Window frames and sash will conduct 
in summer only a fraction of what glass would transmit due to direct 
solar impact. If windows are recessed, the glass directly exposed 
to sunshine may be reduced to 80% or less of the masonry opening. 
The correction to be applied should be determined to fit each situa- 
tion. For this paper, such variable factors have been ignored, since 
they do not materially affect the comparison between types of glass 
or shading. 

Obviously, factors and constants used would change for more 
southerly latitudes. Any tabulations to be used at 30^, 20^, or even 
nearer the Equator, f>hould be reworked, especially for north and 
south exposures. Installation saving^ will decrease (on the . de to- 
ward the Equator only), but operating savingps will increase, uecause 
there are more annual cooling hours. Figures for Dallas, Texas, 
have been developed as reprosentingatypical southern United States 
location (see Table 4, p. 79). 

COMPARISON OF TYPES OF GLASS 

Figure 1 shows the peak load values for all orientations for five 
types of glass: Curves 1 - Single plate glass, 1/4 to 3/8 in. thick; 
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Figure 1~ Comparison of solar heat conduction 
through unshaded single plate glass with solar heat 
conduction throu^ other types of unshaded glass: 
curve 1, single plate glass; curve 2, double plate 
glass; curve 3, single heat- absorbing glass; curve 4, 
heat-retarding glass (double glass with outer layer 
heat- absorbing); and curve 5, laminated heat-reflecting 
glass. 




Figure 2 •• Comparison of solar heat conduction 
through unshaded single plate glass with solar heat 
conduction through single plate glass shaded with the 
following devices: curve 6, inside Venetian blinds, 
painted a light color; curve 7, inside polished alumi- 
num Venetian blinds; curve 8, outside awnings with 
closed sides; curve 9, outside awnings with open 
sides; and curve 10, outside louvers, Venetian blinds, 
or louver-type shading screens. 
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Curve 2 — Double plate glass, with sealed air 
Curve 3 — Single heat-absorbing glass, 1/4 to 3/8 in. thick; 
Curve 4 — Heat-retarding plate glass (double glass with outer 
layer heat-absorbing); and Curve 5 — Laminated heat-reflecting 
glass, with metallized central film. 

Heat-retarding plate glass (Curve 4) has proved troublesome, 
especially in large panes. In summer, when the sun shines, the 
outer pane reaches a much higher internal temperatime than the 
inner pane; in cold weather, the reverse may be true. Differential 
expansion can lead to difficulties in preserving the seal, to spon- 
taneous cracking of the glass, or to damage to the sash. 

Another practical difficulty with all types of large double 
panes is a “hothouse effect." In cold sunny weather, the double 
pane is quite transparent to high-frequency infrared but relatively 
opaque to outward conduction and radiation from the room. Tms 
may necessitate using refrigeration for the sunny side of the 
building even when the temperature is 25° or 3(r F outdoors. 

TABLE 1 -SOLAR HEAT CONDUCTION OF UNSHADED SINGLE PLATE GLASS ^ 
ON A TYPICAL BUSINESS DAY (August 1.® 4v* N. Lotihidu. in Bhi/hr/lt®) 



Sun Tim* 



0 



0100 

0900 11 

1000 17 



30 



45 

31 

21 



"Thm" Orwnlalnn («r "Salar Atimirtli") in Datraaa 



40 


90 


120 


150 


180 


210 


240 


270 


170 


183 


170 


82 


14 


9 


9 


9 


141 


167 


162 


120 


38 


12 


10 


10 


62 


121 


136 


132 


70 


23 


20 


20 



300 330 



9 9 

10 10 

20 19 



1100 

1200 

1300 



24 26 

32 32 

35 35 



30 66 

32 34 

35 35 



108 111 

53 96 

35 53 



95 46 

101 94 

104 127 



26 26 

57 34 

120 73 



26 24 

32 32 

40 35 



1400 


36 


36 


1500 


35 


35 


1600 


34 


34 


1700 


34 


34 


1800 


40 


23 



36 


36 


36 


40 


35 


35 


35 


35 


34 


34 


34 


34 


29 


29 


29 


29 


22 


22 


22 


22 



87 


150 


156 


61 


156 


185 


38 


111 


191 


30 


63 


181 


24 


38 


113 



140 


80 


41 


190 


162 


55 


212 


198 


85 


202 


189 


100 


138 


142 


115 



Summation 



301 



352 



626 762 



820 



754 669 829 1072 994 908 



525 



NOTE; Bold loco (iguras ora paok voluas for thosa oriantations. At cartain orianfofion*, highar input for Oclobar 1 
middoy if onficipofad: 120* of 1000-165; 150* at 1000-177; 180* ot 1400-191; ond 240* ot 1400-191. 

^ Oolo throughout for fingla plola gloff ora for Ihidmaff ol 1/4 to 3/8 in. 

^ AugufI 1 hof baen salacled os o typicoltima for avoluolion ol raquirad cooling loads ond thair camporisons. lha only 
important oxcoplion is **indo**s lacing in soufharly diroctions (about 135* to 225* trua). Moximum demond may occur 
•n Oclobar lor southward paripharol lonas but rot for tha onlira building. 



COMPARISON OF SHADING DEVICES 

Only five specific curves for shading devices are shown in 
Figure 2. Each of these is equivalent thermally to various other 
shading devices, as noted below. All data relating to effects of 
shading devices are based only on their use with single plate glass. 
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since experience has shown that combinations of heat- absorbing 
and other special glass with shading devices are uneconomical. 
Shading from nearby buildings, trees, etc., has necessarily been 
ignored. 

The five curves shown are: Curve 6 — Inside Venetian blinds, 
painted a light color; Curve 7 — Inside polished aluminum Ve- 
netian blinds; Curve 8 — Outside canvas or dark metal awnings 
with closed sides; Curve 9 — Outside canvas or dark metal awnings 
with open sides; Curve 10 — Outside white aluminum or stainless 
steel louvers and Venetian blinds; also louver-type reflecting Insect 
screens. 

For evaluating other types of shading devices, the following 
comparisons may be useful: 

1. Clear white or pale cream-colored drapes are equivalent 
to cream-colored inside Venetian blinds. 

2. Certain grades of white glass-fiber or metallic-coated 
drapes or roller shades can be as effective as aluminum 
inside Venetian blinds. 

3. Dark-colored (or dirty) drapes do not reflect much infrared; 
their effect might be about equal to double plate glass, un- 
shaded. Really dark drapes or shutters merely convert 
infrared into sensible heat. 

4. The heat-reducing value of outside shading depends largely 
on its ventilation by air circulation. Light-colored, polished 
metal outside shading is less dependent on air circulation 
than canvas or dark finishes. 

5. Closed awnings with adequate ventilating openings at the 
top are about equal to open awnings. 

6. Projecting solid balconies or cornices are a little better 
than open awnings, but only to the extent that they actually 
shade the glass. (See Table 26, p. 205, of the 1960 ASHRAE 
Guide for width of projection). 

7. Outside louvers, well-ventilated and properly oriented, are 
the most efficient shading devices for all-round use. On 
the south, horizontal louvers are efficient; on east or west, 
vertical louvers are more effective. In general, louvers 
should be projected appreciably. With such mounting, louvered 
shading screens will be as effective as outside louvers 
when the sun is hi^ but every 10° by which the sun’s alti- 
tude is less than 40° (for the 17-bar/inch type) or 25° (for 
the 23-bar/inch type) will downgrade their protection to 
about the next higher curve on the graph (Figure 2). 

8. Various types of screen walls may be effective for low 
buildings on the east and west. The screen wall may be 
combined with a large cantilevered roof overhang. 

9. An interesting device long used abroad but relatively new 
here is a pivoted sash containing two separate panes of 
glass, with a Venetian blind mounted between. The inner 
pane is also pivoted and can be swung open. Such windows 
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are competitive in price with standard single pane windows 
and inside blinds. They should be effective in reducing 
transfer of heat and sound, but until adequate data are 
available evaluation is not feasible. 



PRACTICAL LOAD ANALYSIS 

Peak cooling demand for the various glass types and shading 
devices is shown in Figures 1 and 2. The morning pe^ (August 1 ) 
is shown on the line at 9(f True; the midday peak (October 1) is 
shown on the line at 210P True; and the afternoon peak (August 1) 

is shown on the line at 270P True. 

For northeastern United States locations, the seasonal consump- 
tion of cooling per square foot of unshaded single plate 
due only to solar radiant heat, has been evaluated for an office 
buildine during business hours in a typical year of 107 business 
days (see Table 2). It is a complex and largely empiric process 
to evaluate monthly average cooling loads due to glass. Ctae must 
take into account solar radiant heat input (which varies with each 
orientation), changing average monthly air temperature, gener^ly 
rising temperature during the day, and percentage of sunshine 
(taken at 63% in Table 2). 



TABLE 2-AVERAGE MONTHLY COOLING LOADS FOR ONE SQUARE 



FOOT OF 
Lalilud*) 



Oriantation 


Laod losis 


Moy 
14 days 


Juna 
20 doys 


July 
20 doyi 


Aug. 
21 days 


Sapt. 
20 days 


Oct. 
12 days 


Total 
107 days 


0® Tfua 


Avaraga Itu/Day 
Monthly Sum 


ISO 

1,300 


250 

3,200 


300 

3,100 


210 

3,700 


250 

3,200 


100 

100 


15,100 


60® Trua 


Avaraga Stu/Day 
Monthly Sum 


300 

2,600 


430 

5,400 


470 

5,900 


450 

6,000 


330 

4,200 


200 

1,500 


25,600 


90® to 
120® Truo 


Avaraga Itu/Day 
Monthly Sum 


350 

3,100 


470 

5,900 


520 

6,600 


500 

6,600 


450 

5,700 


350 

2,700 


30,600 


110® True 


Avaraga Itu/Day 
Monthly Sum 


400 

3,500 


520 

3,600 


570 

7,200 


600 

1,400 


600 

7,400 


560 

4,200 


36,000 


240® to 
270® True 


Avaraga Itu/Day 
Monthly Sum 


620 

5,500 


710 

9,100 


150 

10,200 


150 

11,400 


600 

7,600 


500 

3,700 


54,200 


300® True 


Avaraga Itu/Day 
Monthly Sum 


520 

4,600 


650 

1,200 


700 

8,400 


700 

9,300 


500 

6,300 


400 

3,000 


39,100 



Table 2 is based largely on the writer’s judgment and ex- 
perience. A ratio system can sometimes give results close enough 
for practical use. Table 3 shows a sample of such an analysis. 
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TABLE 3-SAMPlE ANALYSIS OF AVERAGE COOLING LOADS, USING 
RATIO SYSTEM, IN NEW YORK AND DALLAS 





New Yorit 


Oollos 


Rotio 


Cooling nGtdtd, months/business doys 
Cooling neoded, totol hr/hr business doys 
Cooling equivolent, full lood business doy hr 
Averoge sunshine, summer/sp ring-foil 
Averoge hours dry bulb temp, over 807 ^ 0 *^ 
Averoge hours wet bulb temp, over 64V72*F 
Averoge noon dry bulb temp, summer/spring-foll 


6/107 

1400/1000 

600 

64%/60% 

597/86 

1832/406 

75.8756.8* 


12/213 

5350/3700 

1750 

78%/65X 

1861/820 

2709/1791 

87.3770.6* 


2 

3.7 

2.8 

1.22/1.08 

3.15/9.5 

1.48/4.4 

+11.57+13.8* 



It may be helpful to visualize the proportions of total cooling 
demand chargeable to different factors. An evaluation may be 
based on any desired set of assumptions, such as: 

Floor area, 100 sq ft/person 
Electric heat, 6 watts/sq ft 
Outside air, 0.4 cu ft/min per sq ft 
Outside air conditioning, 40 Btu/hr per cu ft/min 
Percent glass in fajades, 25%, 50%, and 75% (with good inside 
Venetian blinds). 

On these assumptions, overall percentages for an entire build- 
ing can be ^approximated, as in Table 4. It is assumed that the four 
facades are more or less equal, that 40% oMhe floor area is 
interior zone, and that blinds are drawn only on the side exposed 
to sunshine. 

TABLE 4-FERCENTAGE OF HEAT GAIN FOR ENTIRE BUILDING 



Hocrt SourcG 



25 % 



OloBi in Focodt 



50 % 

(NrctnlagG of hootfoin) 



75 % 



PoopU, lights, ond offico oquipment 
Window hoot input (moximum) 
Conditioning of outdoor oir 
Conduction through wolls 
Miscollonoous ollowoncos 

Totol 



32 

32 

20 

4 

12 

100 



24 


19 


47 


57 


15 


12 


3 


2 


11 


10 


100 


100 



By c'^mbining the ratios in Table 3 with estimated cooling 
loads ana assuming equal electric and steam rates, application 
ratios for Dallas vs. New York City would approximate 3x for 
total operating cost and 2.0 to 2.3x for window solar operating 
cost, varying with orientation (see Table 5). 



^This corresponds to about 75° F outside wet bulb temperature; 
77° F 50% relative humidity or 79^ F and 45% relative hu- 
midity, inside. 
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TAUE 5-ANNUAl TON-HOURS RER SQUARE FOOT OF GLASS. NEW YORK AND DALLAS 





0*T. 


d0*T. 


Mta1M«T. 


1t0«T. 


240-270*T. 


S00«T. 


Olau an4 Shading 


Msw 

YaHi Dallas 


Ntw 

Ywk DtHn 


“Hi;; 

Yarfc Dtihi 


Yark Dallas 


N«w 

Yark Dtlln 


Naw 

Yark Dallas 


Singla Plata, n« ihading 
D(X/F;f^ *)ata, na ihading 
Singla Plata Haat Abiarbant, na ihading 
Singla Plata Haat Abiarbant + Singla Plata, 
na ihading 

Singla Plata Haat Raflacting, na ihading 
Singla Plata, light Iniidt Vanatian bllndi 
Singla Plata, alum, iniida Vanatian blindi 
Singla Plata, claiad autiida awningi 
Singla Plata, agan autiida awningi 


1.30 3.3S 
0.10 3.00 
1.00 3.30 

0.M 1.30 
0.M 1.30 
I.IO 3.73 
1.00 3.30 
0.M 1.30 
0.M 1.30 
0.M 1.30 


3.30 3.00 
1.70 3.f0 

1.30 3.73 

0.73 3.30 
0.73 1.70 
1.33 3.10 
1.13 3.M 
0.70 3.03 
0.73 I.M 
0.43 I.M 


3.M 3.M 
3.10 4.30 
1.43 3.10 

1.30 3.M 

0. 73 3.03 

1. M 3.43 
1.40 3.10 
1.10 3.33 
0.70 1.73 
0.33 1.30 


3.00 4.00 

3.40 4.10 
1.13 3.70 

1.40 3.10 
1.33 3.70 
3.03 4.10 
1.73 3.30 
1.40 3.10 
1.13 3.30 
0.13 1.70 


4.30 7.70 
3.33 7.00 

3.73 3.70 

3.10 4.30 

1.73 4.30 

3.73 3.70 
3.43 3.33 

1.73 4.30 
1.30 3.30 
1.33 3.70 


3.30 7.M 
3.40 3.30 
3.00 4.M 

1.33 3.30 
1.43 3.25 
300 4.M 
1.73 4.00 
1.43 3.30 
1.13 3.M 
0.73 3.30 



COMPARATIVE COSTS OF UNSHADED GLASSES AND 
SHADING DEVICES 

Figures from manufacturers and experien^^ed builders indicate 
that estimated installed costs of unshaded glass for large buildings 
are as shown in Table 6. This cost may be prorated for other 

heights of glass. 

TABLE 6— ESTIMATED INSTALLED COST 
OF UNSHADED GLASS 



Type of Glass 


Cost per sq ft 
installed 


Cost per foot of 
glass perimeter 
for 6 ft height 


1/4 in. single plate glass 
(polished) 


$ 1.50 


$ 9.00 


Double plate glass 


3.50 




1/4 in. heat-absorbing glass 


2.25 


13.50 


Double glass, outer layer 
heat-absorbing 


4.29 


25.50 


Heat-reflecting sheet glass 


3.85 


23«X0 


Heat-reflecting plate glass 


4.85 


28«X0 



Since direct solar radiation on northern windows is negligible 
during business hours, compsirisons of Installed glazing cost vs. 
air conditioning saving (all per foot glass perimeter) may logically 
be based on east and west windows August 1 and south windows 
October 1. 

Costs of inside Venetian blinds have been similarly estimated 
at about $1.00 per sq ft for horizontal slats of standard metal 
types, manually operated; and about $1.50 per sq ft for vertical 
slats of metal or fabric, with manual operating gear. The 
choice between horizontal and vertical slats, apart from relative 
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Installation costs, fa one of esthetics, convenience, and personal 
preference since thermal results are equiv.'lent. Vertical inside 
blinds are more complex, more difficult to maintain, and less apt 
to be properly used. 

Estimated costs for inside light metal Venetian blinds (see 
Curve 7, Figure 2) per linear foot of 6 ft high glass perimeter 
are: Horizontal. $6.00; vertical, $9.00. They may be prorated for 
other heights. Because of their lower initial cost, horizontal blinds 
yield apparent savings of about 30% over vertical blinds. 

Installation costs have not been estimated for canvas awnings 
(see Curves 8 and 8. Figure 2), since their use for large modern 
buildings is rare. For other types of outside shading, data indicate 
that the costs presented in Tables 7, 8, 9, 10, and 11 may be con- 
sidered as typical costs per foot of glass perimeter for large build- 
ings. Note that unit costs vary with hei^t of window, so that pro- 
rating is not always feasible. 



TABLE 7— ESTIMATED COSTS FOR POURED-IN-PLACE 
REINFORCED CONCRETE SHADING BALCONIES 



Projection 


Cost per Foot of Glass Perimeter 


Balcony 


Flashing and Drainage 


Total 


5 ft 


$14.00 


$4.00 


$18.00 


6 ft 


17.00 


4.00 


20.00 


7 ft 


20.00 


4.00 


24.00 


8 ft 


24.00 


4.00 


28.00 


9 ft 


30.00 


4.00 


34.00 



^ With flashing at wall, gutters, and drains, but no separate water- 
proofing, railings, or doors. 

On October 1 at about 41° N. Latitude, such a balcony, not 
more than one foot above the window, will completely shade a 
south win low one foot shorter than the balcony projection (Curve 9, 
Figure 2). For Dallas at 33^ N. Latitude, nearly 2 feet less pro- 
jection would be needed. If balconies are to be used other than for 
shading, doors and railings would add further cost. 



TABLE 8— ESTIMATED COSTS FOR CANTILEVEMD 
ALUMINUM HORIZONTAL LOUVERED CANOPIED 



Projection 


Cost per Foot of Glass Perimeter 


4 ft 


$17.00 


5ft 


20.00 


6 ft 


25.00 


7ft 


32.00 


8 ft 


40.00 



^Cost includes brackets but not structural changes in building wall. 
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On October 1 at about 41° N. Latitude, such a canopy, close 
above the window, will shade an equal hei^t of south window 
(Curve 10, Figure 2). For Dallas, nearly 2 feet less projection 

would be needed. - . * 

Estimated costs for continuous vertical reinforced concrete 
fins about 10 to 14 ft apart, supporting interrupter groups of 
horizontal 6 in. louvers (or wider) set in a vertical plane are 
shown in Table 9. With 6 ft. windows, this device limits outlook 
considerably; with higher windows, no outlook would remain (Curve 
10, Figure 2). 



TABLE 9 — ESTIMATED COSTS FOR CONTINUOUS 
VERTICAL REINFORCED CONCRETE FINS 



Window 

Height 


Approx. 

Sill 

Height 


1 

Fin 

Projection 


Louver 
Height (at 
each level) 


Cost per Foot 
of Glass Perimeter 


Concrete 


Louvers 


Total 


4 ft 


4ft 


1 ft 


5 ft 


$1.00 


$18.00 


$19.00 


5 ft 


4 ft 


2 ft 


7 ft 


2.00 


25.00 


27.00 


6 ft 


3 ft 


3 ft 


10 ft 


3.00 


36.00 


39.00 



Estimated costs based on foot of glass perimeter for manually 
adjustable horizontal outside louvers and for louvered shading 
screens (4 to 8 ft wide) are shown in Table 10 (Curve 10, Figure 2). 



TABLE 10 — ESTIMATED COSTS FOR OUTSIDE 
HORIZONTAL ALUMINUM LOUVERS 
AND LOUVERED SHADING SCREENS 



Window Height 


Horizontal 

Louvers 


Louvered Shadins Screens 


17-bar/lnch 


23-bar/ inch 


4 ft ( 6 in. vanes) 


$24.00 


$18.00 


$22.00 


5 ft ( 6 in. vanes) 


27.00 


22.50 


27.50 


6 ft ( 9 in. vanes) 


31.00 


27.00 


33.00 


7 ft (12 in. vanes) 


42.00 


31.50 


38.50 


8 ft (14 in. vanes) 


60.00 


36.00 


44.00 


9 ft (14 in. vanes) 


65.00 


40.50 


49,50 



Costs of louvers are stated only for manual adjustment by 
individual bays. Horizontal louvers or blinds will be best for 
south windows; vertical ones, for east and west windows. 

Vertical louvers come in many designs. For all but the smallest, 
automatic operation is much to be preferred. Automatic control 
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TABLE 11 — ESTIMATED COSTS FOR 
HIGH QUALITY VERTICAL LOUVERS 



Vane 

Size 


Type of 
Control 


Height 
\q) to 


Cost per 
Sq. Ft. 


Sample 
Window Ht. 


Cost per 
Linear Ft. 


9» 


Manual 


6» 


$5.50 


4’ &6’ 


$22 & $33 


9» 


Automatic 


6’ 


6.00-6.50 


4’ &6’ 


25 & 37 


14" 


Manual 


8’ 


$5.00 


7’ & 8’ 


35 & 40 


14" 


Automatic 


8» 


5.40-6.00 


7’ & 8’ 


39 & 45 


20" 


Manual 


10’ 


3.50 


9’ 


31.50 


20" 


Automatic 


10’ 


3.75-4.00 


9’ 


35.00 


20" A^ 


Manual 


Over 10’ 


4.50 


20’(2-St.) 


90.00 


20" A^ 


Automatic 


Over 10’ 


4.75-5.00 


20’(2-St.) 


97.00 



^ Airfoil double-wall vanes. 

costs vary so much that a better approach would be to allow $i,000 
to $1,500 beyond estimated costs for manual control for each large 

group. 

L&rger and fewer vanes give a cheaper unit cost. The larg^er 
vane sizes may also be ur.ed efficiently for lower heights than 
Uiose shown in Table 11, I t Jae increased ratio of mounting and 
gearing to the vane area would bring unit cost per square foot 
nearer to that of the next smaller vanes. 

None of the unit costs include accessory items such as framing 
in walls for attachment, extended sills, and scaffolding. These will 
add a small percentage. 

ESTIMATED SAVINGS 

Evaluated savings may now be estimated, based on the above 
costs; some values are tabulated in Table 12, which expresses 
comparisons for east, south, and west orientations. Relative ap- 
plicability of these figures depends on the relative proportions 
of the fa 9 ades. The saving in air distributing systems is an inte- 
grated average for the four directions. Total operating saving 
approximates the total of those for all directions. 



WET ROOFS 

Wetting a roof during sunlit hours is a means of reducing the 
intake of solar radiant heat into a building, the evaporation of 
water removing about 1050 Btu/hr as latent heat. Obviously, the 
possible savings are greater for a low widespread industrial 
building than for the upper floor of a tall office building. 
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Data indicate that during mid- afternoon on a clear July-August 
dav, the sun may heat the surface of fireproof masonry roofs to 
5(r F or more above the indoor temperature and that wet roof 
surfaces will reduce this temperature-differential to about 14*’ F. 
A cumulative total of the temperature-differential between 0800 
and 1800 amounts to about 385 degree hours for a dry roof as 
against about 85 degree hours for a wet roof at 41*’ N. Latitude. 
On such a basis, possible savings can be approximated as follows: 

TABLE 13— ESTIMATED SAVING IN AIR CONDITIONING 
THROUGH WETTING THE ROOF SURFACE 



Assumed U Value of Complete Roof 



Criterion 


0.12 


0.16 


0.20 




Tons demand/square 










(100 sq ft), dry 
Tons demand/square 


.0500 


.0667 


.0835 


.100 


(100 sq ft), wet 
Tons demand difference due 


.0140 


.0187 


.0235 


.028 










to wetting 


.036 


.048 


.060 


.072 


Air conditioning investment 










saving at $900/ton 
(differential) 


$32.40 


$43.20 


$54.00 


$64.80 


Daily ton hour saving/ 






0.5 




square (clear weather 
Seasonal ton hour saving/ 


0.3 


0.4 


0.6 




square 


20.0 


26.0 


33.0 


40.0 


Annual operating saving/ 
square, at 2.5^/ton hour 
10% fixed charges on air 


$0.50 


$0.67 


$0.84 


$1.00 






6.40 


conditioning investment 


3.24 


4.32 


5.40 


Total annual saving/square. 




$4.99 


$6.34 


$7.40 


on air conditioning 


$3.74 



A comparable study for the Dallas area indicates that invest- 
ment savings would be 1/3 greater and annual operating savings 
in ton hours should be about 4.5x greater in Dallas than the saving 
shown in Table 13. 

From the saving shown in Table 13 must be subtracted the 
fixed charges on the installation cost of equipment for keeping 
the roof wet when the sun shines, plus operating and maintenance 
costs for this equipment, cost of water, and possible chemical 
treatment of the water, etc. These figures will vary widely. 

Reasonable cost critoria derived from some actual installations 
not requiring any costly treatment of the available water are 
shown in Table 14. 
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TABLE 14 — COMPARISON OF COSTS FOR 
ROOF SPRAY SYSTEMS IN NEW YORK CITY AND DALLAS 





Cost of Spray System 


Cost Item 


New York City 


Dallas 


Spray water annual cost 
at 3^ per 100 gal. 


45^/ square/ season 


$2.07/square/ season 


Pumping cost at 1.66^ 
kwh 


5^/ square/ season 


24^/square/ season 


Investment cost for 
large installation^ 


$15. 00/square 


$17.00/square 


Total annual cost? 


$2.10/square 


$4.2l/square 



^ Does not include basic water supply or treatment. 

® Includes 10% fixed charges and 10^/square maintenance charges 
for spray system. 

Combination of the data in Table 13 and 14 for a roof with a 
U value of 0.20, for example, results in the figures presented in 

Table 15. 



TABLE 15 COMPARISON OF SAVINGS RESULTING FROM 

USE OF ROOF SPRAY SYSTEMS IN 
NEW YORK AND DALLAS 



Saving Item 


Savins for Roof with U Value of 0.20 


New York City 


Dallas 


Saving in air conditioning 
investment, minus cost 
of spray system 

Air conditioning saving 
Spray system operating cost 

Net operating saving 
10% fixed charge saving 

Total annual saving 


$39.00/square 

$0.84/square 

0.60/square 


$55. 00/square 

$3.86/square 
2.51/ square 


$0.24/ square 
3.90/square 


$1. 35/square 
5.50/square 


4.14/square 


6.85/square 



Large savings may be possible or there may be an actual net 
loss. Each case must be individually studied. Roof spray equipment 
may prove easier to operate and maintain than flooding; flooding 
may be cheaper if frequent rain occurs between sunny periods. 
AvaUabUity of good quality water as a waste from industrial uses 
may be a deciding factor in choosing the wet roof operation. Un- 
fortunately, desert-like locations where wet roofs can effect the 
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the lareest air conditioning savings, are frequently places where 
water for s^h purposes is either unobtainable, ^ co^. “ 
in need of much ^e^cal treatment to avoid stains from deposits 

on roofs. 



SUMMARY 

The material presented here does not cover all possible 
ahndfnff devices and certainly not all locations. In most cases, 
however a simple set of correction factors will adapt the graphs 

?eMtfSent“a^"onshlps have been adequately 

"TTnrshadlng Is provided, some better type of glaalng than 
ainvle plate glass is economically justified. ^ 

2 ThermSlly, the new heat-refleoting glasses result in greater 
saving in air conditioning load than any other 

3 Theoretically, the combination of outer heat-absorbing glMS 
»rfo^rplate glass offers smnewhat greater 
heat-absorbing glass alone. However, there 
mechanical and maintenance objections to this combination, 

4 ^r"oTCrJ"bl>"t®^hXI'tor unshaded windows vpear to 
■ wf helt-reflectlng and single heat-absorbing glasses. At 

fsSer incr^e ln Initial glazing cost, these ^ort 
dmMt as large a reduction In air conditioning demand and 
o,Sr“4.g costs as the comblnaUons, without their practical 

5 K®Si?dlilces are to be used effectively, single plate 
’ glass wllf usually offer the most economic^ combinations. 

^rlSngly oftej a Venetian blind (preferably of aluminum, 
S pK. or similar finish) Is the most comm»cl|«y 
efficient shading device. It Is slmjde, low In Initial 
easy to use and maintain, and economical. 

6. V^lcal inside blinds, especially l«*rlc on^ »d d^s 
can usually be justified only on grounds. Their 

CMt is hl^, efficiency Is often low, and frequently maln- 

7 Outelde *sh^ng”devloes, wisely selected and pro^ riy 

freauentlv give the largest thermal saving. However, their 
cost of InsSllation is so high that the net result is 3°“^ 
4-4«viAa nnt aHractivs as the thermal aspect would imply. 
If” ther us?irto be made of outside balconies 
L teer^ results (therefore not being charged with the 

full installation costs) would be most ^ a,._a 

«?tudv of Table 12 will show that properly used integer hori- 

this Is not true of outside devices. If our criterion. Instead, 
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total building Investment, we find that nearly all good outside 
shading devices will reduce the total investment by at least twice 
their cost of installation. 

Further study of Table 12 indicates that, for office buildings 
£tt l0&St* 

1. For west windows, single plate glass with automatically 
controlled vertical outside louvers offers the largest evalu- 
ated annual saving. Louvered shading screens, heat-reflecting 
glass, vertical inside Venetian blinds, and single unshaded 
heat-absorbing glass follow in that order. 

2. For east windows, heat-reflecting glass gives the largest 
overall anmifli saving. Horizontal inside Venetian blinds, 
automatic vertical outside louvers, louvered shading screens, 
vertical inside blinds, and unshaded heat-absorbing glass 
follow in that order. 

3. For south windows, at 41® N. Latitude, cantilevered louver 
canopies are best (within their size limits). Then come heat- 
reflecting glass, horizontal inside blinds, louvered shading 
screens, outside balconies with projecting fixed louvers, 
and nnftmiftl control outside aluminum horizontal louvers. 
At 33P N. Latitude, balconies and louvered shading screens 

S0cond pl&C0« 

still more efficient formulations of heat-reflecting glasses are 
being developed. Their evaluation must await data on their per- 
formance, cost, and durability. 



Open Forum Discussion 



Moderator: C. Theodore Larson, Professor, College of Architecture 
and Design, University of Michigan 

Panel Members: Messrs. Jaros, Kling, McLaughlin, and Queer 



Mr. Larson: Mr. Kling, have you found that you’ve been hampered 
in any way in your control of solar energy because of building 
codes? 

Mr. Kling: The only code that bothers us is the one regarding the 
larg;e percentagje of glass required in schools. If you have a lim- 
ited site and your buildings are oriented east-west, you are re- 
quired to have this large percentage of glass and the ptqpils live 
behind Venetian blinds most of the time, without even the view 
they mig^t get from a smaller glass area. 

Mr. Larson: Isn’t it true that dirty windows have an economic ad- 
vantage, as well as a practical advantage? 

Mr. McLaughlin: Dirty glass will absorb solar radiation. This is a 
good area for research. If we understood how dirt particles are 
attracted to, and cling to, the glass surface, I am sure that the 
treatment for avoiding this would be indicated. We prefer having 
clean glass Instead of resortlngto dirty glass as a heat absorber. 



Mr. Larson: Why can’t windows be developed that won’t require fre- 
quent washings or perhs^s no washing at all? Have your studies 
pointed in that direction? 

Mr. Queer: A surface can be put on the glass that has very little 
retention power for dirt. For example, it is possible to make 
plastic coatings that will release dirt. They have a very low fric- 
tion and low static chargee attraction, I believe that this is one 
of the potential developments that may help to cut the mainte- 
nance cost or cleaning cost on glass in big buildings. 



Mr. Larson: Mr. Jaros, which do you personally prefer, the glasses 
that stop solar radiation or mechanical devices that will do the 
same job? 
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Mr. Jaros: This is not a question that can be answered with a sim- 
ple yes or no. For example, we had a large public library in 
which the main lobby was an architectural and decorative feature 
of the city. This had windows 15 or 18 feet high, facing south- 
ward, These windows had to be completely unobstructed by 
blinds, drapes, or an 3 rthing else so that the city, so to speak, 
could look into the library day and night. In this particular case, 
the obvious answer was to put in heat-retarding glass. 

On the other hand, I can think of a 10- story office building in 
the tropics, in an area of South America where we have 110 in 
the shade in the summer and never have winter. In spite of the 
high humidity and intense sun, the air -conditioning load and costs 
are less per square foot than for a corresponding building in 
New York or Washington. The architect put vertical fins 20 feet 
apart at each column, projecting4 or 5 feet outward, and between 
those fins he hung banks of 12 inch wide fixed horizontal alumi- 
num louvers set at about 45°. The louvers were so located that 
the occupants could look out diagonally downward and see the 
country side, yet during the hottest parts of the year, no sun- 
shine hit the glass. The building was along narrow building with 
the two principal fa 9 ades facing north and south. Being within a 
few degrees of the Equator, in our summer it got the sun on the 
north side and in our winter it got the sun on the south side, but 
both sides were so completely shaded that the actual cooling ton- 
nage and costs were lower than for ordinary buildings here. 
This was obviously a case where the outside shading device was 
the right answer. Under some of our building codes you could 
not have designed that kind of a building because of objection to 
the possible wind effects or other concomitants of the large 
louvers. 

Mr. Wright: Please comment on the use of a 100% glass wall. 



Mr, Jaros: In Lever House, we had the nearest to a building with a 
continuous glass wall, but at the point, where the floor slabs 
came in, the glass wall was merely an outer finish. That part of 
the glass was completely neglected as far as solar transmission 
was concerned in figuring the air conditioning loads. The job 
works. My point is that even though a building may look as if it 
is 100% glass, it can never be anything approaching a 100% glass 
from the thermal point of view. 

Mr. McLaughlin: We had a problem on a building where the struc- 
ture was faced with glass from the ground to the fourth deck. 
The heat gained between the glass and the structure was a heat 
gain that we had not provided for. It didn’t reradiate back out 
from the structure but was conducted into the structure and our 
air conditioning was not adequate. 
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Mr. Jaros: In Lever House, the air conditioning was adequate. Pos- 
sibly they put insulation between the glass and the concrete. 

Mr. Kling: The reradiation effect is something you would have to 
examine with each problem, but is it as bad in a metal solar 
barrier as it is in other barriers? 

Mr. Jaros: It doesn’t have to be bad in a metal barrier at all, be- 
cause in effect you can use alouver canopy - a horizontal frame 
carrying a series of louver blades with air space between. Since 
these are of polished metal and are inclined outward, the sun 
heat is largely reflected. Even so, some of it is absorbed by the 
metal and then carried away by convection between the blades. 

I much prefer a louver canopy to a solid balcony for that reason. 
Actually the costs are about the same. 

Donald J. Vild, Libbey-Owens-Ford Glass Company: In the Carrier 
S3TStem Design Manual, it is shown that the solar heat gain 
through heat-absorbing double glazing is about 65% of that for 
single heat-absorbing glass, each with light Venetian blinds in- 
side. You indicated this is not correct. Can you explain this 
disagreement? 

Mr. Jaros: The curves I prepared were worked out by following what 
was given in the ASHRAE Guide. The ASHRAE Guide is based on 
net glass and goes into a great many factors that are more com- 
plex to handle mathematically than the Carrier manual. The 
Carrier method and the ASHRAE method evidently do not agree. 

Mr. Vild: The ASHRAE Guide contains no data for any insulating 
glass in combination with shading device. You also compared 
types of glass and shading devices which are not in the ASHRAE 
Guide. 

Mr. Jaros: The only such type of glass that I know of was the re- 
flecting glass, on which we got data from the manufacturers 
corresponding to all the coe, ^'-'^l^nts in the ASHRAE Guide and 
used them. As far as shading levices are concerned, we took 
data entirely from the ASHRAE Guide but then made the assump- 
tion that an outside Venetian blind or an outside louver of the 
same finish will do the same work, both of them being external 
reflecting surfaces. Actually, you will find that my five curves 
of shading devices correspond to headings in the ASHRAE Guide 
and that the rest is an attempt to evaluate those in term's of other 
types of shading devices. 

J. H. Stuart, Merck Sharp & Dohme: Professor McLaughlin, The 
Ultimate Cost of Building Walls, published by the Structural Clay 
Products Institute, presented data at considerable variance with 
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your own. Are you familiar with this publication, and if so, can 
you explain the differences? 

Mr. McLaughlin: Yes, the figures are quite different. Our figures 
are of the magnitude of $54. 1 think the figures in the SC PI pub- 
lication were around $16. There are two additional factors in- 
volved in the summation. One was credit for a reduction in 
Illumination and another was credit for the reduction in heat 
load because of good control of the lighting. The principal rea- 
son for the difference in the magnitude of the costs is that our 
figures represent the entire building, expressed on a basis of 
square foot of rentable area. This, we believe, is a more trans- 
latable figure than one which reflects only the cost of the panels. 

Mr. Hudspeth, Libbey-Owens-Ford Glass Company: In figuring 
costs, what about the changes in glass prices? 

Mr. Kling: Seme of the figures that are given on a unit price for 
glass are quite misleading. It has been our experience that in the 
average building, when we use really effective heat-absorbing 
glass, much of the hoped-for saving in Btu’s is counteracted by 
the extra cost of glazing. For example, as the glass heats, it 
generates such a high temperature that it cooks up the gasket- 
ing. Since the gasketing is confined, an air pressure develops 
between the gasket and the frame and blows the gasket right out 
of the window. This means you have to devise a snorkel system 
to release gas pressures in this type of glazing. The other ob- 
jection is the reradiation effect of a heat-absorbing sheet of 
glass. After this glass has picked up solar energy, it reradiates 
it and makes a band of radiant heated space around a building 
quite untenable for people. This is one reason we are experi- 
menting with the use of heat-absorbingglasstopick up the Btu’s 
outside of the building environment. We hope to carry away some 
of this energy by convection and to carry away more of it by con- 
duction into the framing which supports it. Mr. Jaros says to 
take only two-thirds of the yield in savings on the cooling sys- 
tem for the building. Until we have a few buildings with heat- 
absorbing glass in service — the total system functioning as a 
building with people in it — we are inclined not to take any credit 
on the cooling system. 

Mr. John M. Evans, Florida Architect: I’ve heard that radiant air 
conditioning would soon be in production. Do you know anything 
about radiant air conditioning? 

Mr. Jaros: This has already been done. The late Charles Leopold 
made a pilot installation at Radio City over ten years ago, using 
extruded aluminum shapes through which cold water was cir- 
culated from a small refrigerating plant. On the basis of his 
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work and that of a Swedish engineer named Fraenger, we ulti- 
wer“ able to design a 30-story building for Alcoa In 

PlttsbW. which has been 

years Leopold also did some large buildings in Toronto, inere 

Le at least 4 or 5 buildings ‘n®**®*®"®* * ofTat rort 

as well as cafeterias, factories, and other plates of that sort, 

\isin2 conditioning* iia 

The basic Idea is this: you have a metd ®®**?^ 

than that when the sun is shining into the room and 
tertlTthe flSo“ it will Ibsorb a iP^et -led 

u 4. 4-Kart th<a from lisht flxtuTes mounted in the celling. 
?rcan ha^t hS?i^^ air to cool as y<m cojdd 

« wrcSTSly with air. Furthermore, since the water 

fl<^ in the celling is controllable, * ni 

We have used this system in several jobs. I expect we wm 

use it more in the future, but the choice 

Itd^; Te ?euC can drso utue of the total cooling that you 
with paUg for ‘he celling system and almost as 1 m^ 

fduct system In addition, Inabuildlngwlth 
4 * anmaHmea becomes the most economical of all systems, in 
foot tte South American office building mentioned wM 

^signed with this sort of codling. It proved ohe^er than more 
conventional cooling because we kept the sun off the glass. 

Mr Evans: Dehumidification is * 

heJt exchangers will not do the job, sohow does the dehumidifi- 
cation work? 

M, T.roa- You Still have todellveralrtothe space, but you deliver 
“^much 1 m\ air and that air has to be dehumidified ®“J'«'' 
the dew point In the space below the f®°*^^® ^ ® 
and the connecting piping. To give actual “^®®' ‘"X 
Bulldins we figured on 60 as the minimum chlUed „m«— 
oLXttng throu^ that part of the system. The celling 
CwTas rtmS 63^^^1"“>» f*®*”* ® gooO oo^Ouctor, 

4 f thft dew Doint ever got to 58 . 



Design of Windows 



by J. W. Griffith, Southern Methodist University 

Abstract' Tha paper deals with the effects of window design on human environ- 
ment. The quantity and quality of heed and light distribution through windows 
depend on the availability of daylight and on solar radiedioru Reflected glare 
is a complex problem. Daylighting on the task coming from large angles of inci- 
dence and indirect lighting greatly reduce (Usability glare caused by specular 
reflection. Double glazing is preferred to single glazing, because it keeps out 
drafts, maintains a relative humidity of 30% to 40%, reduces condensation on 
the inside of the glass, and keeps out noise. Daylighting is economic^ there is 
less heat per foot-ccmdle for daylighting than for electric lighting. Windows are 
also a safety factor in case of fire. 

THE DESIGN OF WINDOWS involves more than mere technical data 
on transmittance, size, and location. All too often the designer thinks 
of windows only as a heat and light source rather than as a complex 
design tool that can add beauty, quality, and variability to the en- 
vironment. This paper presents some of the effects of window design 
on the human environment. 

QUANTITY OF HEAT AND LIGHT TRANSMISSION 

In quantitative analysis of window design, the amount of heat 
and light transmittance may vary from zero to 100% transmittance, 
as in the case of a clear opening. In general, the total amount of 
light or heat transmitted through any one type of material will be 
approximately proportional to the size of the window. The usability 
and the desirability of this light or heat can be made to vary con- 
siderably, depending upon the type of control. The effects of heat 
transmission through windows with and without controls can be ob- 
tained from the Heating, Ventilating, and Air Conditioning Guide (1). 

Unfortunately, there is no one guide giving the transmittance 
and effects of light distribution through various types of windows 
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and controls. Most of the researchwork on daylighting in the United 
States has been reported in the Illuminating Engineering magazine, 
notably on effects of controls for windows employing flat glass (11, 
12, 13, 14, 15, 20, 21) and effects of transmission and light distri- 
bution with glass block fenestration (4, 5, 22, 23). 

The window area near the top of the wall contributes more di- 
rect illumination td the interior of the room than the lower portion, 
which usually contributes more indirect illumination. To obtain the 
best utilization of daylight, the window area should be wall to wall 
and from the ceiling down to the floor. Some interior designs re- 
quire a sill, in which case it should be held at a minimum height. 

In designing windows, air conditioning is sometimes out of the 
question and natural ventilation must be relied on. Naturally, the 
heat load or loss through the windows and its control contribute 
considerably to this thermal environment, and it is also affected 
by the natural ventilation (6, 7, 16, 24, 25, 26). 

Heat and light distribution through windows from outdoors to 
indoors is directly dependent upon the availability of daylight and 
solar radiation. Solar radiation data is readily available from U.S. 
Weather Bureau reports, but data on the availability of daylighting 
is rather limited (see the Illuminating Engineering Society Light- 
ing Handbook (17) and the lES Recommended Practice for Daylight- 
ing (18)). Extensive surveys have been made on the availability of 
daylight in Port Allegheny, Pennsylvania, and Ann Arbor, Michigan 
(3, 19). Many more such studies are needed. 

QUALITY OF HEAT AND LIGHT TRANSMISSION 

An even more interesting aspect of solar transmission through 
windows is the effect on quality of heat and light transmission. 

Double glazed windows permit the utilization of daylighting within 
the room without uncomfortable drafts. If the ideal environment in 
cold climate is economically desirable, some form of double glaz- 
ing must be used. In extremely cold climate, relative humidities 
higher than 12% to 13% are impractical with single glazing. With 
double glazing the relative humidity can be maintained in the range 
of 30% to 40% under similar conditions. An additional benefit with 
double glazing is the reduction of condensation on the inside surface. 

The luminous effect of windows on the quality of the visual en- 
vironment may be even more beneficial. This is particularly true 
where the completely controlled environment is not practical. It is 
easily demonstrated by the effect of side wall lighting on reflected 
glare. 

Illumination from windows is both direct and indirect. Indirect 
lighting reduces the disability glare caused by specular reflectance. 
Even the direct lighting can greatly reduce the loss of contrast in 
a task caused by specular reflectance. Blackwell (2) has shown that 
for each 1% loss in contrast owing to reflected glare, an increase 
of 15% in the illumination level must be obtained to give equal 
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performance on a typical task of black pencil on white paper, if the 
illumination level is near that recommended by the Illuminating 
Engineering Society for this task. Chorlton and Davidson (8) have 
shown that a 13% contrast reduction can often occur in classrooms, 
owing to reflected glare. 

Dayli^ting coming from large angles of incidence on the task 
helps overcome the effect of specular reflection, when the window 
is not in the specular angle of view. The daylight illumination from 
the side wall is extremely valuable in overcoming disability glare. 
Even if the window wall is in the specular angle of reflection, the 
brightness can be controlled by adjustable horizontal louvers. 



EFFECT OF REFLECTED GLARE 



The effect of specular reflection on a task can be calculated by 
computing the loss of contrast owing to reflected glare caused by 
the mirrored image of a direct lighting fixture located above and 
in front of the normal viewing task. Contrast is numerically defined 
by the equation: 



Cs 



°1 - 



where Bi s brightness of background and 
Ba s brightness of object. 



When specular Illumination and diffuse illumination are present, 
this formula becomes: 

Q « (Bis ^ Bid) - ( B2S ^ B 2D) 
filS + ^2D 

where B^g = specular brightness of background, 
diffuse brightness of background, 

^2S ~ brightness of object, and 

^2D ~ brightness of object. 



If a task such as ordinary black ink, having a specular reflec- 
tance of 0.9% and a diffuse reflectance of 2.7%, is printed on mat 
white paper, having a specular reflectance of 0.3% and a diffuse re- 
flectance of 77%, the contrast with diffuse illumination of 70 foot- 
candles would be computed as follows: 



.77 - . 
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This might be the diffuse illumination on the work plane coming 
from a window using Venetian blinds as a control medium. If, on 
the other hand, the 70 foot-candles of illumination were produced 
by an overhead fluorescent fixture in which the reflection of the 
fluorescent tube could be seen if a mirror were placed in the posi- 
tion of the task, the contrast would be computed as follows, taking 
the brightness of the fluorescent tube as 1840 foot lamberts: 

C = C(.003)(1840) + (.77)(70)D - Q.009){i840) + (.027)(70)] 

(.003)(1840) + (.77)(T0) 



= = .685 or 68.5% 



The resultant loss in contrast would be 28%. It would take approxi- 
mately four times as much illumination to bring the task in the 
second example up to the relative visability level of the task in the 
first example. 

Fortunately, the task is not always in the mirrored reflection 
angle. However, Finch (9), Chorlton and Davidson (8) and Blackwell 
(2) have shown that many tasks have great losses due to specular 
reflection, even when the task is not in the mirrored angle with the 
light fixture. Furthermore, when the task is pencil on white paper, 
the loss of contrast is even greater, owing to the high specular re- 
flectance of the pencil and the indentation it produces on the paper. 

The problem of reflected glare is far more complex than the 
simple example shown here. Using more complex calculation tech- 
niques and measured results. Finch (9) has shown the loss in con- 
trast for ink on paper to be as high as 50% when the source of 
illumination varies from a light coming over the right shoulder to 
an incandescent lamp at the mirrored visual angle. When a fluo- 
rescent lamp in the same glare angle was substituted, he found a 
loss in contrast of 45%. When pencil on paper was substituted in 
the same conditions, the measured contrast changed from 43% to 
9% and 11% respectively. With a similar task Chorlton and David- 
son (8) found a contrast loss of 21.6% for direct illumination, 20.2% 
loss for general diffuse illumination, and 10.8% loss for luminous 
direct illumination. The illumination level in this experiment was 
30 foot-candles provided bv a normal lighting layout. The losses 
were compared to a lifting environment produced with an over- 
head baffle eliminating most of the brightness in the mirrored re- 
flection angles. 

It is apparent that illumination on the task coming from large 
angles of incidence greatly reduces the disability glare caused by 
reflected glare. It is also obvious that indirect lighting or luminous 
ceilings would also greatly reduce the disability glare caused by 
specular reflection. However, one must be careful not to create a 
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direct disability glare when designing a lighting installation. One 
must also be careful of taking laboratory data and extrapolating it 
to actual environmental conditions that include many factors left 
out in the laboratory tests. 

ECONOMY OF DAYLIGHTING 

Probably the most interesting aspect of window design to the 
building owner is the economy of daylight utilization. I have de- 
scribed some of the types of economic cost models available for 
comparing alternate types of building components at the BRI Con- 
ference on Methods of Building Cost Analysis (10). O. F. Wenzler 
gave an economic analysis of integrated lighting at the same con- 
ference (27). From a lighting viewpoint alone, it is obvious from 
Wenzler* s analysis that daylighting is economical. His study of the 
effects on the thermal environment points out that for equal levels 
of Illumination there is less heat per foot-candle for daylighting 
than there is for electric lighting. Many people have experienced a 
blast of heat from windows with sun on them. Unfortunately, not all 
daylighting installations are properly designed. When a high amount 
of heat comes through a window, there is usually far more daylight 
than is necessary. If proper controls had been installed, the heat 
would have been reduced to a desirable level. 

A common mistake in comparing the economy of daylight utili- 
zation with that of electric lighting is made by many air condition- 
ing people. The person figuring the air conditioning load fails to 
realize that foot-candles of illumination obtained with daylighting 
produces less heat than equal foot-candles produced by electric 
light. The normal procedure is to assume a fixed electric lighting 
load and consider any daylighting as an additional heat load. This 
assumption is erroneous and does not recognize the advantages of 
daylight utPization. 

OTHER FACTORS 

There is very little information available on the acoustical trans- 
mission tur iugh various types of building materials. However, this 
is not an important factor in window design except in extremely 
noisy areas. In most environments background noise <s desirable 
and actually makes the room seem quieter. Too little noise can be 
quite disagreeable. In normal areas a tightly closed window gives 
a satisfactory acoustical environment. Double glazing appears to 
give an even quieter environment than single glazing. 

Some thou^t should also be given to safety. A window makes an 
excellent entrance for firemen and exit for escape from fire. Also, 
a window can be broken for ventilation, to avoid asphyxiation in a 
fire. 

The window area should be properly designed and engineered to 
produce the most desirable effect at the lowest cost. It should not 
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be just placed on a building for vision out, because people feel 
cooped up and unhappy without it. However, some economic value 
should be placed on the preference of windows to space without win- 
dows. Building progress has taken us out of the cave. Shall we now 
go back in? 
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Design of Skylights 



by Ben H. Evans, Texas A & M College 

Abstract Natural lighting is man’s most preferred source of illumination, and 
the roof or ceiling is the most logical place for this light Skylights can be used 
economically and effectively for high quality daylighting, without undue heat 
gain. The main design problem is brightness control, especially control of the 
brightness of the skylight materials. The surface of the skylight must he shielded 
or a high density material must he used in the dome, if it is viewable from below. 
Design procedures are outiined for lighting with skylights, and brightness values 
are presented for the first time for various skylight plastic dome materials. 

THE ADVANTAGES AND DISADVANTAGES of skylights and the 
general range of information available for predetermining the char- 
acteristics of skylights are discussed from the architect’s point of 
view. 



MAN LOOKS TO NATURE 

Man’s development of his technical abilities has far exceeded 
his wildest dreams of only a few years ago. He can today pretty 
well control his environment. He can produce and control his own 
atmosphere, his surrounding temperatures, his sonic and esthetic 
environment — his visual environment. He can produce all the air, 
sound, and li^t that his heart desires. 

But man still looks to nature for the fulfillment of his greatest 
desires. He prefers natural breezes to air conditioning and natural 
light to electric light. Man’s desire for the qualities of nature which 
he cannot entirely reproduce is always a pertinent factor in build- 
ing design. Men feel a kinship to all living things and there is within 
them an intense desire to explore and understand all the facets of 
nature. For this reason, the lighting of our indoor environments 
will and should contain a significant amount of natural lifting. 



EVANS, BEN H. Coordinator of Architectural Research, Texas 
A & M College; member, American Institute of Architects, Asso- 
ciation of Collegiate Schools of Architecture, BRI, and the Illumi- 
nating Engineering Society. 
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NATURAL LIGHT 

Natural light has, of course, been the most important source 
of building illumination through history, until the Industrial Revo- 
lution. The influence of man’s need for natural light shows all 
through recorded history. In the early days of development, man 
was completely dependent upon natural light. Early man always 
provided a small hole of some kind in his tent or hut to let in light 
and let out smoke. Even in Egypt, where there is an overabundance 
of light, early Egyptian architects took great care to provide in- 
terior natural light. 

In the classic Pantheon church in Rome, lighting effects were 
produced by a 27 foot diameter hole in the crown of a monstrous 
142 foot dome. This was then the largest dome in the world, cover- 
ing approximately 2 million cubic feet. The space is most suffi- 
ciently and pleasingly lighted by the 27 foot “skylight.” The dome 
opening (or eye) also has a symbolic meaning. The idea was that 
worship should relate to the heavens and to the “illumination” of 
mankind by God. So you see natural light has a spiritual quality 
also. 

Artistically and mechanically, nothing could be better than leav- 
ing the “eye” of the dome open, but before the invention of glass, 
it was intolerablyinconvenientwhenever rain or snow fell. A change, 
therefore, was brought about in subsequent buildings with the use 
of four circular holes in the dome just above its springing* Thus, 
natural lighting devices were put into the vertical plane until glass 
came into use. 

Moving still farther north. Gothic architecture came into being, 
again with natural lighting playing a big role in style and character. 
With the development of light structural elements and high arches, 
coupled with the extensive use of glass, the Gothic Cathedral was 
the epitome of naturally lighted buildings. 

USE OF SKYLIGHTS 

As the problems involved in designing for good natural lighting 
have become more familiar and better understood, more and more 
complicated control devices have been developed and are becoming 
the curse of practical, economic architecture. In revolt against this 
trend of architectural design, many architects across the world are 
going back to the roof for their light. 

The roof or ceiling of a room is the most logical place for 
sources of general illumination. Skylights can and have been effec- 
tively used for lighting interiors for many centuries. However, it 
is only recently that skylights have been designed and prefabricated 
for easy, economical, and waterproof installations. Postwar eco- 
nomic stresses on school buildings and an enlighted demand for 
greater quantities of good, natural light have stimulated this de- 
velopment of skylights. 
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BRIGHTNESS CONTROL 

Quite early , the problem of controlling the brightness of the 
skylight material arose as a significant factor. Clear materials 
were objectionable because they allowed direct view of the bri^t 
sky and because they allowed direct sunshine to enter. Thus, the 
translucent or ‘‘milky* skylight material was developed in order to 
diffuse the incoming light and eliminate the bright spots of sunshine. 

The translucent materials, in turn, introduced another problem. 
When exposed to direct sunshine, the translucent materials were 
often excessively bright, again causing eyestrain. Continued de- 
mand for quality lighting conditions have brought about the use of 
very high density materials which do provide very low surface 
brightnesses even when exposed to direct sun. With such a low 
transmittance material, it is usually necessary however, to use 
very large skylights to provide sufficient light on the room task. 
The incoming light should be diffused as much as possible and 
spread over as large an area as possible. 

To illustrate the advantage of this principle, consider the fol- 
lowing example. Assume a two foot square skylight with a trans- 
lucent dome of “T” transmission factor. Assume conditions that 
provide a level of illumination below of 62 foot-candles. This pro- 
duces a certain dome brightness. If, then, the skylight is enlarged 
to twice its original size and the transmission factor of the dome 
reduced to provide the same foot-candle level below of 62 foot- 
candles, the dome brightness, then, will be considerably less. The 
illumination level of 62 foot-candles is still provided, but the bright- 
ness of the ceiling dome is much less, since the same amount of 
incoming light has been spread over a larger area. 

Skylight manufacturers are now providing numerous variations 
in skylight materials, allowing designers to select a material, or a 
combination of materials, that will produce almost any desired 
lighting condition. The prismatic glass-block is an example. 

Architects and illuminating engineers have for many years sought 
a simple, accurate method for determining the natural lighting con- 
ditions of their buildings while they were still in the design stages. 
Several methods for predetermination have been developed. 

Most mathematical illumination prediction systems are based 
on the lumen input method as described in the lES Lighting Hand- 
book (1). The system is basically the same as that used for the de- 
sign of electric light systems. 

. X X _ average foot-candles x lighted area 

TOTAL LUMENS interreflectance factor 

Any given skylight, under a given condition, will produce a given 
number of lumens to the interior space of the building. The number 
of these lumens then available on any task area below is based on 
the size of this area, its distance from the skylights, the shape of 
the space, and the finish on the surface surrounding the space. 
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DESIGNING FOR SKYLIGHTS 

The typical procedures for designing for lighting with skylights 



1. Decide how much light is desirable for the task being per- 
formed. The lES Lighting Handbook (1) provides recommen- 
dations for most tasks, but these should be tempered by com- 
mon sense. 

2. Decide how much of the room area must be lighted by sky- 
lights. Adjacent areas may be lighted by windows or electric 
lighting. If the supplement is from windows, there are tables 
which provide an estimation of how much area can be lighted 
by the windows alone. 

3. Determine the effects of the room geometry on the skylight- 
ing by finding the room index: 



4. Using the room index, establish also the effects of the various 
room surfaces on the skylighting by finding the interreflec- 
tance factor. Tables are available which provide these inter- 
reflectance factors. 

5. Calculate the total number of lumens required to produce the 
desired results: 

TOTAL LUMENS = ^ 

2 X room area 

6. After determining the number of skylights desired 



and their spacing, select the size of skyli^t and the skylight 
material that will supply the required number of lumens. The 
particular skylight can be selected from a lumen table. 

BRIGHTNESS VALUES FOR PLASTIC DOME MATERIALS 

Unfortunately, not enough information is available on that most 
important factor, brightness. We need to know complete brightness 
values for various skylight plastic dome materials. Such values 
have been developed by the Texas Engineering Experiment Station 
and have not previously been made public (see Figure 1). The bright- 
ness of skylight materials is a very pertinent factor in designing 
for daylighting. It may be arguedthat skylights can be secured from 
the direct view of the people involved in performing a task below 
so that skylight brightness is not a problem and this may be right 
in some circumstances. However, there is a direct relationship 
between the transmission factor of an obscure glass or plastic, and 
the resulting surface brightness produced by a given light source. 



are: 



ROOM INDEX = 



room height x (room width + length) 
2 X room area 
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ILLUMINATION (normal to sun) 

( HOtCtlDLCS) 



Figure 1 — Plastic dome skylight brightness. 

(I assume this true, also, for prismatic block.) These brightness 
curves are based on the maximum brightness values possible with 
the various materials. This involves viewing the skylight plastic 
dome materials from a point directly opposite the light source ~ 
the sun. Thus, the design of a skylighting system should take into 
consideration the potential brightness of the source, just as do sys- 
tems with electric lighting. 



SKYLIGHTS AND HEAT 

Skylights have long been criticized for the quantity of heat they 
transmit. The criticism is often valid, even if misunderstood. In 
very general terms, it may be said that light and heat are essen- 
tially the same thing, so that where there’s light, heat will be there 
also — almost in direct proportion. (This is the architect here. The 
scientists may criticize this simplification.) 

It usually, then, comes as a surprise for people to learn that, 
per unit of light, skylights -or daylight - produce less hwt than 
most equivalent electric lighting systems. The figures in Table 1 
show how daylighting produces more lumens per watt than electric 
lighting of the more common varieties, and in terms of air condi- 
tioning needs, how daylighting requires less cooling per unit of light. 
This shows that skylights produce better than we often given them 

credit for. ... , , „ „ . * 

Solar Heat Gains Through Domed Skylights by L. F. Schutruin 

and N. Ozisik indicates the quantities of heat that can be expected 
from various types of plastic domed skylights under various sky 

conditions (2). 
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TABLE 1 — EFFICIENCY COMPARISON 
OF SKYLIGHTS AND ELECTRIC LIGHTING 





Light Output 


Air Conditioning Load 


Source of Illumination 


Lumens/ 
sq. ft. 


Lumens/ 

watt 


Tons/100,000 lumens 


Daylight through 
acrylic plastic, 
high transmission 


5,270 


106 


.27 


Daylight through 
acrylic plastic, 
medium transmission 


3,110 


106 


.27 


Incandescent light 


— 


20 


1.90 


Fluorescent light 


— 


60 


.63 



COST COMPARISONS 

Lastly, we must consider the costs for lighting systems whether 
they are electric or otherwise. Table 2 shows a typical comparative 
cost analysis for three different systems oflighting— skylights only 
(in this case plastic dome skylights), fluorescent lights only, and 
skylights and fluorescent lights together. 

In this analysis we consider all normal expenditures directly 
related to the various lighting systems. There is the first cost, uni- 
form annual cost of recovering first cost, annual cost of insurance, 
annual costs for lamps, annual labor costs for cleaning and relamp- 
ing, and the annual power cost. The summation then gives the total 
annual lighting cost, or the annual cost per foot-candle. Notice that 
daylighting is the least expensive method of lighting. 

Of course, there are factors involved other than economics. 
There is the general atmosphere being created by the architect, 
which, in the final analysis, is the primary factor in all decisions. 



SUMMARY 

In conclusion, let me summarize briefly: 

1. Skylights can be used economically and effectively for pro- 
viding high quality lighting in architectural spaces. 

2. Surface brightness, if viewable, must be kept to a reasonable 
minimum, either by shielding, or through the use of a low 
transmittance material in the skylight itself. 

3. Skylights provide a good quantity of light without unreasonable 
quantities of heat as compared with other systems. 

4. Skylights provide a means as economical as any for providing 
good quality daylighting. 
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TABLE 2 — COMPARATIVE COSTS OF SKYLIGHTS. 
FLUORESCENT LIGHTS, AND THE TWO IN COMBINATION 



Source of Illumination 



Cost Consideration 


Skylights^ 


Fluorescent 
Light Units® 


Skylights and 
Fluorescent Units® 


First cost of light- 
ing installation 
(less lamps) 


$480.00 


$657.00 


$881.00 


Uniform annual 
cost of recover- 
ing first cost at 
3% for an operat- 
ing period of 25 
years 


27.56 


37.75 


50.59 


Annual cost for 
insurance at 1.2% 
of first cost 


5.76 


7.89 


10.57 


Annual cost for 
lamps 


- — 


8.72 


1.33 


Annual labor costs 
for cleaning and 
relamping 

Annual power cost 


3.00 


10.80 

59.24 


9.60 

9.05 


Total annual light- 
ing cost 


$ 36.32 


$124.40 


$ 81.14 


Annual cost per 
foot-candle 


.74 


2.43 


1.62 



^Six skylights, 36x 36 in., 43% transmission with louver shade; 
average lighting level: 49 foot-candles. 

“Eighteen fluorescent units, two 40-watt lamps. 45° louvers; aver- 
age lighting level: 51 foot-candles. 

“ Six skylights and 11 fluorescent units: average lighting level. 50 
foot-can(Ues. 
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Design of Electric Illumination 



by W. S. Fisher, General Electric Company 

Abstract- The electric lighting system should be designedto provide aU Me iUumi- 
nation necessary or desirable for the working environment. Daylighting and 
electric lighting must be coordinated, using the same brightness criteria. It u 
irrwortant to sdect appropriate luminaries, based on some appropriate visum 
comfort assessment and to instaU them for the desired distribution of general 
iUumination. Heat gain from lighting must be considered and ^e vtsual and 
thermal aspects of building design can be coordinated through the Electrical 
Space Conditioning conc^t Automatic lighting controls are not generally 
recommended. The electric lighting system should function contmuoiMy 
the working day, with some variation in environmental lighting desirable for 

pleasantness. 

WE ARE INTERESTED in electric lighting only as it makes its con- 
tribution to the total visual environment. If the visual environment is 
appropriate for the space, it must provide for the aspects of pleas- 
antness and for the factors of quality and quantity in illumination. 



PLEASANTNESS 

The integration of physical factors into the total environment 
has a profound effect on the emotional responses, attitudes and per- 
formance of persons who must occupy the space. Some of these 
physical factors are form, color, texture, and pattern. Lighting 
makes contributions both to the appearance of the materials of the 
environment and of itself by virtue of its brightness pattern, color, 
and form. Lighting’s contribution to an environment is unparalleled. 

Pleasantness is discussed first since all too often the lighting 
approach is to cover quantity of illumination first and leave esthet- 
ics until the last. The intent is not to dcemphasize any of the factors 
of pleasantness, quality, and quantity in illumination. They are all 
present in every environment, though the degree of importance at- 
tached to each may be different. 



nSHER, WILL S. Senior Specialist, Office Lighting, Large Lamp 
Department, General Electric Company; member, American Insti- 
tute of Electrical Engineers, BRI, Illuminating Engineering Society, 
and National Association of Building Owners and Managers. 
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QUALITY OF ILLUMINATION 

Everything in a working environment has a potential effect on 
seeing — and lighting affects everything in the space. Therefore, it 
is not enough to think only in terms of fixtures and layouts in pro- 
viding for the visual needs of working eyes. A complete listing 
specification must go much further than specif]dng the type of lumi- 
naire, how many of them, and in what pattern they should be in- 
stalled. This brings the matter of lighting quality into the picture. 

In every working environment where critical visual work is per- 
formed, a specification for quality in lighting should include: 

1. Recommended reflectance values for all the room surfaces 

and work surfaces. - ^ ^ *v i i 

2. An assessment of direct view visual comfort for the lumi- 
naire which wUl be employed in the space. The Visual Com- 
fort Index ( VCI) is recommended as the most comprehensive 
comfort evaluation method currently available. The Scissors 
Curve, though somewhat inflexible, can also be helpful as a 
guide in selecting appropriate luminaires. 

3. An assessment of veiling reflections and their importance. 
Most visual tasks undergo a contrast loss of 10-1 5%, or less, 
when Illumination is provided by well-shielded lighting equip- 
ment. For manji tasks, this is negligible. However, for some 
of the low contrast, specular visual tasks, it may be serious. 

If veiling reflections appear to be a serious factor in a working 
area, one of the following suggestions may be helpful: 

a. Lighting must be limited to luminous ceiling or luminous 

indirect luminaires. 

b. The veiling effect of the reflection must be minimized by 
placing work locations in between and parallel to the rows 
of luminaires. 

c. If task-viewing angles are of the order of 6(r or greater, 
polarizing panels employed as shielding media for the 
lighting equipment can be helpful. Howe^r, if viewing 
angles are more commonly lOP , 25® or 4(r , such panels 
may be no better (or possibly poorer) than many of the 
co mmo nly used lifting materials. 



QUANTITY OF ILLUMINATION 

While quantity of illumination is deliberately discussed last, be- 
cause of all too frequent overemphasis, it is of basic importance 

for these reasons: . . 

1. To ensure that enough lij^t is provided in terms of current 

knowledge, practicality, and economics so that people can 
efficiently perform their visual tasks. 

2. To establish the heat gain from the lighting for evaluation in 
terms of the building’s heating and cooling requirements. 
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3 . To determine the desirable lamp t 3 rpe and luminaire for an 
economical investment in lighting equipment and a reason- 
able lighting pattern in terms of pleasantness. 

RELATIONSHIP OF ELECTRIC LIGHT TO DAYLIGHT 

The utilization of daylight for lighting visual tasks in working 
areas requires consideration of a great many factors. For example, 
its variability makes it undependable. Daylight can change from 
several thousands of foot-candles to a few tons of foot-candles with- 
in a relatively short period of tinie. In addition there are many out- 
door visual conditions — such as direct sunlight, cloud cover— 
which are very uncomfortable if they intrude on one performing 
demanding visual work. 

1. The electric lighting system should be designed to provide 
all the illumination felt to be necessary or desirable for the 
working environment. This is the only sensible approach to 
lighting design, since daylight is not always available. How- 
ever, daylight is always a welcome supplement to an electric 
lighting system, because even if recommended levels of il- 
lumination are provided in working areas, they are by no 
means considered the maximum or optimum values. 

2. Brightness criteria applied to electric lighting systems and 
visual environments should also be applied to daylighting. 
For example, the same brightness limitations should apply 
to a window wall as to the interior walls in a working area, 
and the same criteria should be used in evaluating the visual 
comfort of overhead skylights as are used with luminaires. 

All glazing must be shielded — both side and top — so that the 
maximum brightness will be acceptably comfortable for the people 
in the space. If this is done satisfactorily, then the contribution of 
daylight will be small on c^^ercast days. 

To insure visual comfort with daylighting, blinds, shades, drap- 
eries, wide overhangs, louvers, low transmission glass, and similar 
devices should be designed and specified as an integral part of the 

building. . . 

One aspect of coordination between electric lighting and day- 
lighting which is beginning to receive attention is the visual transi- 
tion from the inside of a building to the exterior. Increasing the 
electric illumination on the window side of the room makes the vis- 
ual transition from inside to outside less abrupt. It also maintains 
a more uniform distribution of electric lighting across the room, 
since with typical symmetrical lighting layouts, illumination levels 
will fall off substantially below the average around the perimeter. 

Another area where coordination between daylighting and elec- 
tric lighting is nearly always overlooked is in the traffic pattern 
of buildings from exterior, to lobby, to elevator, to corridor, to 
office, or the reverse, miile it is not necessary to provide day- 
light’s highest levels of illumination indoors, steps in brightness 
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should be planned that would insure transitions made with comfort 
and safety into or from a building. Here is an area where illumina- 
tion levels measured on aplane 30 inches above the floor are mean- 
ingless. The brightness of the surfaces determines the adaptation 
and visual comfort of people. More use of building materials which 
can be lighted effectively, and lighting planned specifically for wall 
surfaces, will create the desired room brightness. Luminous walls 
are also very effective. 

SELECTING APPROPRIATE LUMINAIRES 

Anyone who has the responsibility for specifying or buying light- 
ing equipment would do well to assure himself in advance that it 
will be acceptably comfortable to the majority of people who must 
work under it. 

Comfort evaluation of luminaires is complex. It involves not 
only the average brightness of the luminaires themselves, but the 
area of lighting equipment disposed in the field of view, the size 
and proportions of the space, and the surroundingbrightness. Much 
progress has been made in recent years in the knowledge of what 
brightness conditions people will accept as being comfortable or 
uncomfortable. 

In addition, the matter of assessing the visual effect of a room- 
ful of luminaires has been solved, using the Visual Comfort Index 
method. Computations are made from a seated location at the cen- 
ter of the rear of the room, assuming a horizontal line of sight 
toward the front of the room. Data are tabulated for different room 
sizes and expressed as a percentage of people who, on the average, 
would be comfortable under the specified conditions at the center, 
rear location. Any other location in the room will be better than 
the spot from which the computations are made, as there will be 
fewer luminaires and less brightness in the field of view for the 
horizontal line of sight. 

We would not encourage hairline distinctions between luminaires 
for which VCI data is available. Luminaires 4% or 5% apart are 
probably comparable. However, there are a surprising number of 
luminaires for which the VCI may be less than 50%. This may be 
partly responsible for the large number of poor quality lighting in- 
stallations. The application of an appropriate comfort evaluation 
system as an additional check will help to upgrade lighting quality. 

INSTALLING LUMINAIRES 

In working areas, it is usually desirable to distribute the general 
illumination uniformly. Some guides to luminaire location and spac- 
ing follow: 

1. Where rows of fluorescent luminaires are parallel to the 
walls, the distance between luminaires and walls should not 
exceed one-half the distance between the rowsofxuminaires. 
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applications where they have been employed. Though a good ease 
could be made for the use of automatic lighting control on the basis 
of lower operating cost over a period of time, in actual practice the 
theoretical advantages are outweighed by two major disadvantages; 

1. Maintenance. The second or third time the controls require 
attention, they are usually cut out of the circuit. Manual 
switching is then employed, if anyone takes the trouble to 
adjust the lighting. 

2. Desirability of keeping all the lighting operating. Any work- 
ing environment is nicer and more pleasant with all the lights 
on. The room appears to be in better balance with all the 
electric lighting on, and the additional daylight from windows 
does not hurt a thing as long as it is comfortable, 

USE OF VARIABLE ILLUMINATION 

Variable illumination for many building interiors has exciting 
possibilities. This area of lighting is expected to have a rapid growth 
in view of thenewer equipment recently available. As you may know, 
the 30-watt and 40-watt rapid start fluorescent I amps with the proper 
circuiting can be dimmed very nicely. However, even with incan- 
descent lamps, dimming applications are on the increase. 

The components necessary to dim fluorescent lamps include: 

1. A dimming ballast, one for each lamp. Recently a wide-range 
dimming ballast has been made available which will provide 
a dimming range of greater than 300 to 1, even with the sim- 
plified dimming circuits, compared with the previous typical 
10 to 1 range. 

2. A source of variable voltage. This can be supplied by a vari- 
able autotransformer, mounted in an electrical wall box, in 
a closet, or in a remote location; and by silicon-controlled 
rectifier (SCR) dimmers which are physically small and offer 
the promise of considerably lower cost. 

The kinds of spaces to which dimming is applicable include: 

1. Auditoriums. Levels of illumination in auditoriums vary with 
the visual activity. For example, before a stage presentation 
begins, there are casual visual activities. During the stage 
presentation a relatively low level of illumination is desir- 
able. If the auditorium is used for exhibits, conferences, 
bridge parties, study halls, etc., even hi^er levels of illumi- 
nation will be necessary. Some ofthese requirements may be 
handled by employing different lighting systems and switching 
them individually. However, dimming may enable a single 
lighting system to fulfill several different functional require- 
ments. 

2. Private offices and conference rooms. When the activity re- 
quires critical visual work, one level of illumination may be 
desirable. When the activity is principally conversation, a 
somewhat lower level may be desirable. Switching can provide 
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The ends of continuous rows of fluorescent luminaires should 
preferably be within 6 in. to 1 ft of the wall and in no case 
more than 2 ft from the wall. 

Where desks are located along the wall, the distance between 
the row of luminaires next to the walls should preferably be 
2-1/2 ft and in no case should it exceed one-third the spac- 
ing between rows of luminaires. 

Maximum spacing to mounting height ratios for equipment 
should not be exceeded. We have all seen lighting installa- 
tions which could be described as marginal at best — where 
all the rules and guides for illumination quality have been 
taken to the maximum allowable limits. The quality of light- 
ing is appreciably better if we can stay well within the ex- 
tremes of the suggested ranges, especially for spacing 
relationships. The closer the rows of luminaires are spaced, 
the fewer troublesome shadows and reflections occur. 

LIGHTING HEAT 

In many of the commercial buildings of today, the electric light- 
ing systems provide a significant heat gain. This heat gain may equal 
from 50% to more than 100% of a building’s heat losses for the de- 
sign condition. This aspect of lighting is too often overlooked. 

In this area lies a great opportunity for improving system design 
and building economics. This concept is becoming known as Elec- 
trical Space Conditioning (ESC). In its simplest form, the term im- 
plies the coordination of visual and thermal aspects of building 
design. However, the ESC concept could also include cleanliness of 
the atmosphere, bacteria content, presence or absence of negative 
ions, and to some extent odor control. 

The most important aspect of ESC is the lighting-temperature 
relationship. Much of this lighting heat can be controlled. The sig- 
nificance of ESC is that it will not be practical to design the lighting 
as something separate and apart from everything else in the build- 
ing. The work of the electrical and mechanical engineers will re- 
quire greater coordination than ever before, with fresh approaches 
and ingenuity on their part. The prospects for new equipment de- 
signs from manufacturers are encouraging. 

The best proof of the opportunities which this concept affords 
are in the increasing examples where resourceful architects, en- 
gineers, and users have worked out successful solutions that cap- 
italize on the thermal properties of lighting systems. These and 
others like them are the forerunners of many more to come, where 
lighting makes an increasingly important contribution to "he en- 
vironments in which we live and work. 

AUTOMATIC LIGHTING CONTROLS 

In my experience, automatic lighting controls have not worked j 

well and have seldom been used for long in the relatively few interior 
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applications where they have been employed. Though a good case 
could be made for the use of automatic lighting control on the basis 
of lower operating cost over a period of time, in actual practice the 
theoretical advantages are outweighed by two major disadvantages: 

1. Maintenance. The second or third time the controls require 
attention, they are usually cut out of the circuit. Manual 
switching is then employed, if anyone takes the trouble to 
adjust the lighting. 

2. Desirability of keeping all the lighting operating. Any work- 
ing environment is nicer and more pleasant with all the lights 
on. The room appears to be in better balance with all the 
electric lighting on, and the additional daylight from windows 
does not hurt a thing as long as it is comfortable. 

USE OF VARIABLE ILLUMINATION 

Variable illumination for many building interiors has exciting 
possibilities. This area of lighting is expected to have a rapid growth 
in view of thenewer equipment recently available. As you may know, 
the 30-watt and 40-watt rapid start fluorescent lamps with the proper 
circuiting can be dimmed very nicely. However, even with incan- 
descent lamps, dimming applications are on the increase. 

The components necessary to dim fluorescent lamps include: 

1. A dimming ballast, one for each lamp. Recently a wide-range 
dimming ballast has been made available which will provide 
a dimming range of greater than 300 to 1, even with the sim- 
plified dimming circuits, compared with the previous typical 
10 to 1 range. 

2. A source of variable voltage. This can be supplied by a vari- 
able autotransformer, mounted in an electrical wall box, in 
a closet, or in a remote location; and by silicon-controlled 
rectifier (SCR) dimmers which are physically small and offer 
the promise of considerably lower cost. 

The kinds of spaces to which dimming is applicable include: 

1. Auditoriums. Levels of illumination in auditoriums vary with 
the visual activity. For example, before a stage presentation 
begins, there are casual visual activities. During the stage 
presentation a relatively low level of illumination is desir- 
able. If the auditorium is used for exhibits, conferences, 
bridge parties, study halls, etc., even higher levels of illumi- 
nation will be necessary. Some ofthese requirements may be 
handled by employing different lighting systems and switching 
them individually. However, dimming may enable a single 
lighting system to fulfill several different functional require- 
ments. 

2. Private offices and conference rooms. When the activity re- 
quires critical visual work, one level of illumination may be 
desirable. When the activity is principally conversation, a 
somewhat lower level may be desirable. Switching can provide 
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some flexibility in obtaining different illumination levels, 
but it is not nearly as satisfactory as a smooth dimming 
unit which avoids great variations in the overall brightness 
pattern. 

3. Wall lighting. Special circuits for lighting the walls in any 
area are appropriate and may be enhanced by dimming con- 
trols. For example, wall lighting on dimmers may be desir- 
able in critical visual work areas. Variable lighting for walls 
is desirable to change the brightness pattern and shift the 
emphasis and mood, as for example in a restaurant, as a 
means of changing the atmosphere from that appropriate for 
noontime lunches to that conducive to leisurely evening dining. 

4. General offices. It is interesting to speculate on the effect of 
variable illumination levels as it may affect the attitude and 
performances of people in work areas. There has been some 
rationalization that it might be good to increase illumination 
levels in work areas during the middle and late afternoon 
periods as a means of stimulating productivity. Another ap- 
proach suggests varying illumination levels on a slow cycle 
through the working day, possibly to achieve effects similar 
to daylight as cloud conditions may change lighting levels 
and brightness patterns. While the ideas are intriguing, they 
must certainly be called untested. 

It would be better to provide the best general lighting system 
that we know how and allow it to function continuously through the 
working day. However, there could be shifts in the brightness and 
color pattern of the walls or ceilings by adding or changing accents 
at different times during the day. However, it would not appear to 
be conducive to concentration to the task at hand if there were sud- 
den abrupt shifts of any kind during working periods. Any changes 
that were incorporated during such a time would preferably be on a 
slow cycle dimmer, say, 30 minutes or longer. 

SOURCES OF DESIGN INFORMATION 

A great deal of literature is available on lighting design. Pub- 
lications of the Illuminating Engineering Society are detailed and 
authoritative, and the General Electric Company has several tech- 
nical publications on lighting design. 






Open Forum Discussion 



Moderator: Orville L. Pierson, Rohm & Haas Company 



Panel Members: Messrs. Evans, Fisher, and Griffith 



Mr. Griffith: Mr. Fisher, you said that the same brightness limi- 
tations that are applied to electric lighting should be applied 
to windows. However, the criteria you described are not based 
on large area sources and cannot be applied to windows. Can 
they be applied to skylights? Also, you suggested that all 
windows should have controls on them. Are there not places 
for uncontrolled daylight? 

Mr. Fisher: The smaller skylights take on about the same size 
and proportion as lighting fixtures. Some of our design guides 
for electric lighting systems could be applied there. 

Louvers should not be applied indiscriminately in every place, 
but louvers do give lower brightness than most of the hig^y dif- 
fusing lighting materials employed today. An unlighted ceiling, 
or a wall which may be reflected at the mirror angle, will have 
lower bri^tness than the lighting fixture, and we can have the 
very low brightness provided by the louvers. 



Joseph A. Anderle, Levelor Lorentzen, Inc.: Please comment on 
the efficiency of Venetian blinds for the viewpoint of controlling 
light, particularly in providing for projection of visual aids? 

Mr. Fisher: Venetian blinds can provide very good brightness 
control. Slats tilted upward will still allow ground light. Some 
diffusely reflected light will go up to the ceiling, bounce across, 
and perhaps distribute the daylight better. Venetian blinds will, 
of course, block out the outside brightnesses which can be 
quite disturbing through clear glass. With regard to visual 
aids, Venetian blinds can still be helpful. A little light through 
the blinds is desirable because it provides some illumination 
in the room so that people can take notes or so that they can 
move about without accident. 

Mr. Griffith: Mr. Evans, did you use the average bri^tness, or 
did you use the maximum brightness in your paper? 
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Mr. Evans: My figures are based strictly on absolutely maximum 
pinsource bri^tness. They could not be used on the scissor 
curve. 

Mr. Pierson: This is one marked difference between daylighting 
and electric lighting. Where in electric lifting we speak of 
an average briefness from a given viewing angle, in daylighting 
we talk gener^ly of the maximum bri^tness as seen through 
a material. 

Mr. Evans: We found it extremely difficult to measure skyli^t 
surface briefnesses over a wide range of conditions with 
good consistency. We still need more work in this area. It is 
difficult to pinpoint exactly what the brightness ratio and the 
illumination levels should be. 

Joseph A. Rorick, IBM Corporation: To what extent is daylieting 
being utilized today for industrial applications, and as an 
environmental factor, what are the experiences with respect 
to daylig^ting and cloudy days? 

Mr. Griffith: I assume you are talking about indoor industrial 
application. Daylighting is used considerably. I don’t know the 
number of square feet of glass sold, but I know it is relatively 
hi^. In nearly all cases dayli^ting is supplementary. In this 
country, the illuminating engineer thinks of himself as an 
electric lifting engineer and of daylight as a supplementary 
light source. In the rest of the world, daylighting is thought 
of as the major source and electric lighting is supplementary. 
Many lifting consultants do not know both aspects of lighting, 
and, consequently, only deal with one phase. I would never 
design a lighting installation without good electric lifting. 

R. P. G. Pennington, Board of Education, Toronto, Canada: Is 
98.5% contrast a desirable feature of classroom illumination? 
Has this ever been related to pupil eyestrain over prolonged 
periods of time? What percentage contrast should be our 
optimum? 

Mr. Griffith: You could have such a high brightness that it would 
be unbearable. We do not have to worry about this because in 
this country we are designing to relatively low levels of illumi- 
nation, However, there would be a maximum level where you 
might want to cut your contrast down purely to eliminate direct 
glare. 

Mr. Fisher: From the standpoint of the task, you would like to 
have 100% contrast on every task that you look at, have the 
detail of the task reflect no light, and have the surroundings 
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reflect 100% of the light diffusely. This would give you the 
very best visual conditions. If you have a white background 
for many tasks, or relatively light colored tasks, tnen about 
400, 500, or 600 foot-candles represent about as much light 
as you can put on a task and still maintain good comfort. If 
you ever tried to read a letter on the beach at Miami, you 
know the brightness can be very uncomfortable when white 
paper is in full sunshine. There are optimum levels of illumi- 
nation beyond which you should not go, and these are keyed to 
task brightness. 

Garry Allen, Dow Chemical Company: How important a factor is 
winter heat loss through skylights? Is it serious enough to 
limit their use? 

Mr. Evans: He^it loss is significant in the winter. There is a very 
simple device to overcome this — me double skylight which 
provides two panes of plastic with an airspace between to pro- 
vide some insulation. This has a minimum of effect on the 
lighting coming through it. 

Mr. Jaros: Even with double glass in cold climates, have you not 
found that aluminum sash and frames in operable or fixed win- 
dows cause serious condensation, and even frosting, when 30% 
to 40% relative humidity is maintained in the building? 

Mr. Griffith: I suspect that this would be a problem. I think it 
could be overcome in fixed windows by design of the device 
holding the pane or the glass in, but I’m not sure about the 
operable windows. 

Mr. Pierson: Some of our experience with tinted glazing has indi- 
cated that there is a psychological reaction against use of this 
material because building occupants complain of a feeling of 
gloom or depression. Would you care to comment? 

Mr. Fisher: I certainly agree that there is this reaction, due 
principally to the great variation in daylight and outside bright- 
nesses. In a building located in Southern California where they 
have a great deal of sunshine, it may be more appropriate. The 
heavily tinted glazing should always be used with an overhang, 
so that you do not get direct sunlight on it. Direct sunlight on 
this very low transmission glass raises the glass temperature 
to the point that it radiates half the heat inside and half outside. 
We have had to move work positions away from this source of 
radiant energy where direct sunlight falls on it. 



Window Design in Europe: 
A Review of Recent Research 



By Thomas A. Markus, Pilkington Brothers, Ltd. 

Abstract: This paper reviews recent technical research in Europe on design of 
windows. Specific areas discussed are daylight Quantity prediction and measure- 
ment, daylight quality, supplementary artificial lighting, legislative control of 
daylight, heat transfer (thermal transmittance, heat balance calculations, shading 
and cooling, condensation), sound insulation, fire resistance, meteorology and 
windows, and window economics. Studies mentioned are briefly described and 
are cited in the 76 references. 

THIS CONFERENCE IS ESSENTIALLY about the properties of the 
building shell as a protective and filtering skin. Non load-bearing 
light walls go some way toward resembling the skins of “endo- 
skeleton" creatures such as ourselves compared with the heavy 
structural predecessors which were both skin and skeleton— the 
architectural “exo- skeleton* equivalent of lobsters. They would, 
however, have to develop much further, in particular in combina** 
tion with thermal services, to equal the efficiency of blood, nervous, 
glandular, evaporation, shivering, and goose-pimple functions. 
Economics, comfort standards, and modern construction demand a 
rapid development toward this goal. 

Windows play a special part in this development because of their 
dominant role in determining room climate. They combine the vis- 
ual, thermal, and acoustic elements of environment; and therefore 
we need to know more about the relationship of these. Since envi- 
ronmental services can cost up to one-third of the initial cost of a 
building, we need to know how best to invest available funds: Are 
visual requirements dependent on room temperature? Does noise 
affect glare discomfort? To what degree are we influenced by what 
we think is happening? Is discomfort additive? 

Beyond these functions, windows are also links between two 
worlds. In early civilization, holes in structures were sometimes 
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symbols for the entering of a spiritual force at a certain moment 
in a ritual. Today, the aperture may serve as a link with sky, na- 
ture, city, or people — all elements having their own symbolic, 
cultural, or social meaning. This “metaphysical" function of the 
window deserves more study than it has so far received. 



DAYLIGHT QUANTITY PREDICTION 

Daylight design in Europe differs fundamentally from American 
practice in that it is not based on absolute illumination levels but 
on a fixed ratio known as the daylight factor, which has been fully 
defined by the Commission Internationale de I’Eclairage. This is 
the ratio of the amount of light available at a point in a room to the 
total light from an unobstructed hemisphere of sky simultaneously 
available outside, expressed as a percentage. On the assumption 
that the sky has a constant luminance distribution, this gives a fig- 
ure which is constant. Irrespective of changes in sky illumination. 

For example, a 10% daylight factor on a dull day with a total ex- 
ternal illumination of 500 lumens per square foot is equivalent to 
50 lumens per square foot, whereas on a brighter day with a doubling 
of external illumination it is equivalent to 100 lumens per square 

foot. ^ r 

By Enalysis of meteorological data, it is possible to select for 

any purpose a daylight factor which will give the required illumi- 
nation over the required period of time. In practice, owing to the 
position of the sun, there is some variation of sky luminamce with 
orientation and the luminance distribution also varies with altitude. 
It has , however, been found that on days of densely overcast sky, 
which are the most critical from the daylight point of view, the 
brightness from horizon to zenith varies in the ratio of 1:3. This 
sky luminance distribution has been internationally accepted and 
defined by the equation: B_ = l->- 2 sin0 where B is the sky lumi- 

Bz 3 

nance at an altitude 0° above the horizon and Bz is the zenith lumi- 
nance. It is frequently referred to as the Moon and Spencer sky (47). 
It has also been found by measurement that, in London for example, 
the total, illumination drops to below 500 lumens per square foot on 
only about 10% of normal working hours throughout the year and 
therefore in Britain 500 lumens per square foot is frequently taken 
to be the sky condition to be used for the determination 

of daylight factors. However, more refined values are needed which 
take latitude, orientation, micro-climate (e.g., the presence of pol- 
lution), and working hours into account. 

The total daylight reaching a point in a room arrives from three 
sources: directly from the sky, by reflection from external surfaces, 
and by reflection from internal room surfaces. These components 
of daylight are referred to in the standard literature as the sky com- 
ponent, the external reflected component, and the internal reflected 
component. 
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Provided the luminance and luminance distribution of a patch of 
sky or an external obstruction seen by a point through a window are 
known or assumed, the question of determining the amount of light 
the point receives from outside becomes one of solid geometry. It 
is necessary to integp^ate the flux reaching the point. In passing 
through glass, account has to be taken of the varying angles of inci- 
dence to determine the amount lost by reflection and absorption. 

Many techniques for solving this problem of solid geometry have 
been devised, primarily aimed at determining the Sky Factor, i.e., 
the illumination from a uniform sky through an unglazed opening. 
Most have adaptations or alternate versions. 

One of the earliest methods, and probably still the most widely 
used in Britain, is the set of Building Research Station Protractors 
for giving direct readings of sky factor or sky component under five 
basic conditions: vertical, horizontal, 30° sloping, and 60 sloping 
glazed apertures, and unglazed apertures (25). For each of these, 
a protractor has i^en designed to be usea on the section of the build- 
ing, the scale being arranged to take into account both the cosine 
effect and, where it applies, the loss due to glass. Each deals with 
an aperture infinitely long on plan and has an auxiliary protractor 
to give corrections to take into account the limited length of aper- 
tures. No protractors for a non-uniform (CIE) sky are available, 
but by means of conversion factors depending on the mean altitude 
of the visible sky, the readings can be corrected. 

Another British method, used where the external obstructions 
are complex in outline, is the Waldram diagram (72, 73, 74, 75). 
This is, in fact, a projection of half the sky vault (Figure 1). The 
azimuth scale is uniformly spaced while the altitude scale is con- 
tracted towards the horizon and towards the zenith to take into ac- 
count two effects: first, with increasing altitude, equal areas of sky 
produce greater illumination on a horizontal plane; and second, with 
Increasing altitude, the total area of visible sky is reduced. The ver- 
tical scale can also be designed to take into account a non-uniform 
(CIE) sky, as well as glass losses. On this family of diagrams, so- 
called “droop-lines* are dr awn which represent horizontals, making 
it a relatively simple matter to plot the outlines of a window and of 
any external obstruction. Tlw ratio of the area of a remaining patch 
of sky to the total area of the diagram (which represents half the 
hemisphere of sky) represents twice the sky factor or sky com- 
ponent. ^ . 

Some techniques for determining the sky component give an un- 
realistic picture of the sky vault and external obstructions or they 
are not easily used with traditional building projection, i.e., plan, 
section, and elevation. A technique designed to overcome these dif- 
ficulties is described in the paper by Pleijel. The sky vault is re- 
presented by a stereogppaphic projection of a hemisphere on which 
can also be shown the outline of a window and any external obstruc- 
tion and hence the patch of sky seen by a point. By dividing the 
area of the sky into small units of equal mean luminance, the total 




Figure 1 A— Two alternative building slab layouts, 
with plans and sections showing sky factors. 
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Figure IB --Waldram diagram for determining sky 
component for layout 1, above. 
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Figure 1C — Waldram diagram for determining sky 
con^onent for layout 2, above. SOURCE: Petherbridge, 
P. "The Computation and Measurement of Sky and Day- 
li^t Factors, "Building Research Congress, 1951. 
Crown copyright; reproduced by permission of the 
Controller, H. M. Stationery Office. 
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illumination can be obtained by counting the number of units in a 

given patch of sky. - .i - 

An additional advantage is the ease with which sun-path and ra- 
diation diagrams can be plotted on the same projection, relating 
shading as well as heat transfer problems to daylight calculation 
by means of a single technique. The possibility of photographing 
conmlex obstructions on the surface of a parabolic mirror, giv- 
ing a photograph on the same projection, further enhances its 

A similar projection has been used by Tonne of Stuttgart (63), 
whose Horizontoscope enables obstructions, as well as sun-path 
diagrams, to be observed on a reflective but translucent plastic 

paraboloid. ^ j, ,tn\ 

In France techniques have been developed by Cadiergues (10) 

for determining the illumination from rectangular windows on a 
horizontal plane where the window dimension and the distance of 
the point from the window are known, aher techniques have been 
developed by Dourgnon, Chauvel, and Fleury (13, 22) where 
the angular geometry of the window in relationship to the point is 
diagrammed. Curves are available for CIE and uniform skies, for 
both glazed and unglazed openings. Other graphical techniques have 
been developed by Daniljuk (15), where the projected area of the 
sky hemisphere seen by a point is represented on plan and section 
projections; by Kittler (33) in Czechoslovakia, who uses a series 
of Interrelated nomograms taking into account not only geometry 
but also the reflectance o ' the room surfaces and hence the Internal 
reflected component; and by Vollmer (69). who uses a projection 
similar to the Waldram diagram. 

The external reflected component is usually also calculated on 
a geometrical basis similar to that used for obtaining the sty com- 
ponent, making some assumptions about the illumination falling on 
the surface and its reflectance. In the absence of more accurate 
data a g^eneralized assumption is made; for instance, in Britain a 
luminance equivalent to 1/10 of the luminance of the sky obstructed 
is frequently used. 

To obtain the internal reflected component by calculation it is 
necessary to determine the degree to which a room acts as a light 
integrator. This will depend on its geometry, the area of the wln- 
d / and the reflectance of the various surfaces. It is also neces- 
sary to know the relative strength of the light flux. Most workers 
have split this into two parts: the flux entering from above the 
horizontal and therefore arriving first at the floor, and the flux en- 
tering from below the horizontal and therefore arriving first at the 
ceiling. Reference has already been made to Kittler’s technique, 
which includes an allowance for Interreflected daylight. Calculations 
made by Hannauer (28) and by Spencer and Stakutis (60) have also 
solved this problem theoretically, the latter by applying integration 
in a perfectly diffusing window in a side wall. 
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Other techniques have been based on the theory of the integrating 
sphere, such as thoseof Arndt(2).Dresler (23), and Pleijel (54, 55). 
Techniques which assume an equal- intensity flux falling on all sur- 
faces have not proved sufficiently accurate; it is necessary to split 
the flux at least into the two major components (that arriving from 
above and that from below the horizontal). Hopkinson, Longmore, 
and Pether bridge of the British Building Research Station have pro- 
duced an empirical formula for the internal reflected component (31) 
based on this division and expressed it by means of nomograms. 

These daylight factor calculations can be carried out as a simple 
routine. Once mastered, they not only give a quantitative answer 
but enable design alternatives to be systematically studied. 



DAYLIGHT QUANTITY MEASUREMENT 

There is often a gap between predicted and achieved daylight 
factors because of inadequate knowledge of the effect of deposition 
of dirt on s^ass, translucent and other types of window blinds and 
shades, furnishings and condition of room surfaces, internal ob- 
structions, light-directing and diffusing gazing materials including 
glass blocks, and reflectance of the external ground, balconies, and 
other projections. 

A number of workers have constructed artificial skies in which 
both the illumination levels and the sky luminance distribution can 
be controlled and under which scale models of rooms of buildings 
can be placed for full daylight factor surveys. Two main types of 
sky have been used in Europe: a flat, box sky in which lighting is 
placed above a diffusing ceiling and the walls are mirrors to give 
an infinite horizon; and a hemispherical or large curved sky, lit 
from beiowr and lighting the model by reflected light. Both types have 
been constructed for CIE and uniform skies, and examples exist in 
Britain, Sweden, Denmark, and Czechoslovakia (34). Many of the 
most valuable studies on the effect of interreflection from room sur- 
faces, street and building reflections, and spacing of roof lights in 
roof-lit factories, have been carried out on such models. They have 
also been used forwork on permanent supplementary artificial light- 
ing of interiors and on glare. Many architects make regular use of 
models to judge lighting and color schemes at the design stage. 

The measurement of dayli^t factors in buildings involves the 
measurement of total outdoor illumination and illumination at the 
point in question, if possible simultaneously. A variety of instru- 
ments have been designed to do this, such as those at the Building 
Research Station (39, 52) and that at Pilkington Brothers Limited 
(35, 65). In the latter, the two measurements are made simulta- 
neously, and the ratio of the two currents is measured. 

Whatever technique of prediction is used, it is possible to draw 
daylight factor contours both on the plan and on the section of any 
type of building, which show the variation of daylight quantity within 
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a room. These contours are the final result needed by the designer 
to investigate alternate solutions. 



SUPPLEMENTARY ARTIFICIAL LIGHTING 



The actual value of daylight factor has generally been based on 
recommended illumination levels in Codes and Standards trans- 
lated into daylight factors via a sky illumination representing a 
lower limit, say 500 lumens per square foot or 5,000 lux. With re- 
cent increases in the recommended levels of illumination, the trans- 
lation of recommended levels to daylight factors by this process 
produces daylight factors which could not be met in many cases 
without unduly limiting the depth of rooms or extending their height. 

With this problem in mind, the British Building Research Station 
has worked for some years on the development of a technique for 
mixing daylight and artificial light sothat daylight still plays a dom- 
inant part in the lighting of the room but the parts of the room away 
from the window receive adequate illumination for the task, thus 
maintaining the balance between artificial and natural light without 
creating a sense of gloom (30). Simply "topping up” the daylight with 
artificial light at the back of the room to give the required illumi- 
nation levels does not solve the problem. 

Even on adullda>, an observer’s judgment of the relative bright- 
ness of the sky secsn through the window and the brightness of his 
immediate environment at the back of the room may give rise to 
complaints of gloom. It has therefore been necessary to design for 
illumination levels higher than the "topping up” procedure would 
indicate. It may seem paradoxical, but the higher the brightness of 
the outdoor sky, the higher the levels of the permanent supplemen- 
tary artificial lighting have to be. 

Permanent supplementary lighting is recommended in the form 
of a recessed lay-light flush with the ceiling, with good diffusing 
properties giving illumination levels of the order of 20 to 50 lumens 
per square foot at the back of the room. Such a level has been found 
by subjective experiments to satisfy relative brightness judgments 
within a wide range of sky bri^tnesses. This technique is now being 
applied in technical colleges, hospitals, offices, and schools. The 
supplementary lighting is separate and distinct from the normal 
night artificial lifting (which may be designed to lower levels), the 
changeover taking place toward late afternoon or evening. This 
technique is clearly distinct from that of the totally artificially lit 
environment, with windows provided as “vision strips” but perform- 
ing no usefiil lighting function, and it is likely to make a consider- 
able impact on the future of building and lighting design in Europe. 
The British Illuminating Engineering Society Lighting Code accepts 
it as the basis of the daylight recommendations, but it has been 
criticized for giving too little guidance on daylight design. 
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DAYLIGHT QUALITY 

Since World War II, much more emphasis has been placed in 
Europe on quality aspects of lighting and particularly on glare. As 
a result of extensive glare studies at the Building Research Station 
(53) and in America and Europe, it is known that the glare sensa- 
tion varies directly as a function of the source luminance and size 
and varies inversely as a function of the background luminance. 
Workers have reached different conclusions on the functions to as- 
sign to these elements. Those used in Britain and published in the 
British lES Code are given in the simplified formula: 



where G - glare constant 

Bg = source luminance (ft.-L) 

^ = solid angle subtended by source at 
eye (steradians) 

Bi)=: background luminance (ft.-L) 
p = position index 



While the full implication as aK)lied to windows is not yet known, 
some work has been carried out and indicates the general validity 
of the relationship (29) if the value of Bj, is based on average lumi- 
nance of the whole field, including the source which now affects vis- 
ual adaptation. The relationship is of great importance to window 
design, for it shows that the effect of a change in size of window is 
less significant than a change in its luminance (or the luminance of 
what is seen through it). If this is true, it means that reduction of 
window luminance by means of tinted glasses for transparent win- 
dows and good diffusers for translucent windows is of considerable 
importance. Studies are now being carried out to determine daylight 
distribution through translucent glasses and the effect of semi- 
diffusing or light-directing glasses on the luminance of walls and 
ceilings and hence on the glare sensation. 

LEGISLATIVE CONTROL OF DAYLIGHT 

There are examples in Europe of the regulation of daylight by 
means of codes, standards, and administrative means. In Great 
Britain, for instance, for all teaching areas in schools a minimum 
daylight factor of 2% has to be provided, and this regulation has in- 
fluenced the whole planning and design of post-war British schools. 
In Germany, a National Standard (20) exists which lays down mini- 
mum recommended daylight factors varying from 1% to 10% accord- 
ing to the type of building and task. For school classrooms, for 
example, it is 2%, for living-rooms 1% to penetrate at least half of 
the depth of the room, and for school laboratories 5%. 
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Studies have been made of the relationship of town planning to 
daylighting. In Britain the Permissible Height Indicators (46) have 
been used for some years by central and local authorities to test 
the spacing of building blocks. They are designed to test the ade- 
quacy of daylight penetration to windows within a comprehensive 
development scheme and the adequacy of daylight penetration to the 
boundaries of a scheme where property ownership changes. The 
Indicators have given architects and planners a new freedom to 
break away from corridor streets in high density development. 

A thorough study has been made by BUning (9) of daylight pene- 
tration in rooms on various floors of blocks of flats and the effect 
of height, spacing between blocks, and heights of each floor. He 
takes into account heating and lighting as well as constructional 
costs. Much work remains to be done, particularly in relationship 
to window glare, the mixture of daylight and artificial light, and the 
economics of daylight. 



HEAT TRANSFER 

Physical and Physiological Effects 

One of the primary functions of the window is to act as a selective 
energy filter. To a large extent, the total heat content is determined 
by the flow of heat through windows. Windows are critical in deter- 
mining the short-term response of thermal conditions in rooms to 
outside climatic changes and solar radiation levels. This energy 
flow not only affects physical conditions but also comfort. 

Thermal Transmittance 

In Northern Europe, with its relatively severe winter climate 
and a summer climate that has traditionally been regarded as being 
sufficiently mild not to necessitate artificial cooling, most effort 
has gone into the determination and prediction of winter heat losses. 
In Britain particularly, great emphasis has been placed on air tem- 
perature differeuoes between the outside and the inside and the re- 
sultant convection/conduction heat flow. 

Full-scale tests on north-facing room-size structures with fixed 
Internal air temperatures have been carried out for some years at 
the Building Research Station on walls and roofs including both ver- 
tical and sloping glazing (4, 24, 45, 58). The heat loss has been de- 
fined in terms of air temperature difference only, by means of the 
thermal transmittance (U) value. Naturally, variations in solar ra- 
diation with orientation, season, time of day and cloud conditions 
affect the net heat transfer and result in such anomalies as negative 
U values - i.e., a net heat gain when the temperature in the con- 
trolled room is higher than the temperature outside. These mea- 
surements have yielded useful results on the physical properties 
of wall and roof materials and structures. 
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Radiation has been accounted for on a mean basis over the heat- 
ing season by using different external surface resistances for dif- 
fering orientations. U values calculated in this way appear in the 
standard heating engineering guide (32) and probably give reason- 
ably accurate results for energy requirements over the whole of a 
heating season. However, the error introduced due to the inclusion 
of solar radiation is multiplied by temperature difference and hence 
becomes largest in the calculations for the coldest periods. 

U values tell one little of the short-term effects of solar radia- 
tion which may be significant both for the design of heating plant 
and for seasonal energy requirements. For example, the standard 
U value for a south-facing window exposed to normal wind is only 
79% that of a similar window on a north exposure. Using these values 
for calculations of peak load, which m y well occur at nig^t when 
there is no solar radiation and the heat transfer is the same on both 
orientations, would result in under-design on one exposure or over- 
design on the other or both. The indiscriminate use of these mean 
U values accounts for much under- and over-estimation of heating 
losses where there are large windows. Some designers have even 
tried to use them to solve heat-gain problems. 

Heat Balance Calculations 

What is needed is to calculate the heat flow due to temperature 
difference and the heat flow due to solar radiation (including long- 
wave radiation exchange between the glass and the sky, ground, and 
room surfaces) and to express the result as an algebraic sum. The 
net result may be a heat balance, heat gain, or heat loss and could 
be computed for mean air temperature and radiation levels over 
any desired period or for peak conditions - in winter at nig^t or on 
dull, cold days with the minimum of solar radiation, in summer on 
warm days with maximum solar radiation. Such a system would ^so 
yield different results for buildings hesited during the day-time only 
and those heated for 24 hours. A committee of the British Standards 
Institution is debating this whole subject of heat transfer calculation 
through building structures. It is to be hoped that a general propo- 
sal of this kind will be the outcome, both for opaque materials and 
windows. 

Once solar radiation is properly accounted for in the window heat 
transfer calculation, problems of solid geometry arise. For diffuse 
sky radiation it is necessary to determine the patch of sky seen by 
a window (as distinct from a point in the room in daylight calcula- 
tions), and for direct solar radiation the position of the sun at any 
moment in the year has to be determined. Once again the techniques 
developed by Pleijel, which are treated in his paper, admirably solve 
these geometrical and energy problems. By means of sky radiation 
diagrams, drawn to stereographic projection on which sun-path di- 
agrams and shading masks can be superimposed, the calculation 
becomes relatively easy. Much of this theoretical work has been 
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carefully checked by meteorological measurements and by controlled 
experiments where the net heat flow through windows was measured 
and correlated to climatic and room conditions. 

Tonne of Stuttgart, with Normann and Schmidt (64), has carried 
out similar calculations and has drawn up the heat balance for a 
window over the season, which clearly indicates the period of net 
heat gain and net heat loss and the times at which there is a heat 
balance. Using techniques based on Pleijel’s and Tonne’s work, it 
is possible to present directly the differences between north and 
south elevations, for example, on a given site or the differences be- 
tween a single and double glazed window, and to integrate the areas 
under the various curves to obtain the differences in heating or cool- 
ing energy requirements (Figure 2). 
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Figure 2 — Heat balance of single and double glazed 
windows. Top: north-facing; bottom: south-facing. 
SOURCE: Pleijel, G, “The Heat Balance of a Window,” 
Byggmastaren, No. 1, 1959. Adaptation: Markus, T. A. 
“Heat Transfer Through Windows - Windows and Insu- 
lation, Part 2,” Insulation, November 1961. 



130 



SOLAR EFFECTS ON BUILDING DESIGN 



Shading and Cooling 

The arrival of buildings with large windows has quickly made 
designers in Nothern Europe, and even in Britain, aware of the fact 
that we do have a summer heat gain problem and that summer air- 
conditioning is frequently necessary. However, much less attention 
has been paid to this aspect in Europe than in the United States. 

In France full-scale room experiments have been made on net 
heat transfer through various types of windows, including heat- 
absorbing glasses and blinds (12). The room temperatures are al- 
lowed to rise in accordance with outside air temperature and ra- 
diation changes. Immediately behind the windows, a series of grey, 
veil-like curtains are suspended and the walls of the rooms are 
painted white; the curtains absorb all transmitted solar radiation 
and quickly release it to the room, where it is registered as a rise 
in air temperature. 

The French Heating, Ventilation and Air-conditioning Guide (18) 
treats the problem of heat gain through windows in some detail, in- 
cluding a mathematical solution for the net heat transfer through 
glass, taking into account direct transmission, reflection, absorp- 
tion and reradiation to both sides, and convection losses to both 
sides. Useful graphical data is also included on various glasses and 
double glazing systems which divides the total energy incident on . 
the glass into the three portions of reflected, absorbed, and trans- 
mitted, and shows changes in their relative magnitude with angle 
of incidence. The French glass company of Saint-Gobain has also 
studied these heat gain and shading problems and produced valuable 
data (14). 

An object lesson in the difficulty of predicting heat gain through 
windows, even with elaborate design and architectural techniques, 
is the UNESCO Building in Paris. External horizontal concrete lou- 
vers, carefully designed to shield the sun at known times of the year, 
a grey glass solar shield similarly designed, and internal white 
curtains were used, yet during the summer vof 1959 the heat gain in 
one wing was so large that office personnel refused to carry out 
work. The reason for this was the assumption that shading would be 
needed when the mean temperature in Paris rose above 70° F., but 
the uncomfortable heat gains took place at lower mean air temper- 
atures when the sun could partially penetrate the shading devices. 
A final attempt to improve conditions has been made by fixing ex- 
ternal Venetian blinds on the facades concerned. While they now 
cope with the heat gain problem, there are all the problems of clean- 
ing, maintenance, and repair as well as rather astounding sound 
effects as the wind travels along the blinds on the curved facade. 

The experience of the UNESCO Building and similar glazed office 
buildings in Europe has shown the need for practical instruments 
or graphical methods for the solution of shading problems. While a 
few architects have simple heliodons on which shading around build- 
ing blocks can easily be studied by models, regular use of sun-path 
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diagrams and shadow angle protractors is rare. In fact, few standard 
publications containing these are available in Europe. In Britain the 
1959 edition of the Institution of Heating and Ventilating Engineers* 
Guide (32) included the first diagram and tables dealing with sun 
angles. Sun-path diagrams for a variety of latitudes, together with 
shadow angle protractors, have been available in some of the Com- 
monwealth and tropical countries and something more about them 
is in PleijePs paper. 

Condensation 

A thermal problem associated with windows is the avoidance of 
condensation and the preservation of through- vision. \^hile a double 
glazing system is the normally accepted solution, the amount of 
fundamental research dealing with this problem is limited. One 
Swedish study by Nycander (48) investigates the relationship be- 
tween air space dimension between two panes of a double window 
and the degree of ventilation to the outside air as determined by the 
width of the ventilating slit at the bottom and the incidence of con- 
densation. Apart from occasions of a sudden drop in outside tem- 
perature, it has been found that a slit 1mm wide at tlie bottom will 
prevent condensation for air-space dimensions iqp to 10 in. The ques- 
tion of condensationin ventilated air spaces and the':Oss of insulation 
due to ventilation (primarily for roof structures) has oeen thoroughly 
investigated at the British Building Research Station (57). 

The question of air-infiltration and leakage 'hrough a variety of 
windows has been investigated inNorway(41, 76), Sweden (49), Ger- 
many (11) and Holland (67). 

Codes and Standards 

While a variety of codes of practice and standards exist in Europe 
dealing with Laat transfer through buildingmaterials, limited atten- 
tion has been paid to questions relating to windows. Exceptions are 
the Austrian Standard on Thermal Insulation and the German Stand- 
ard on Regulations for Calculating Heat Loss from Building Struc- 
tures (IS), both of which specify values to be used in window heat 
loss calculations. 



SOUND INSULATION 

Sound insulation research has been carried out in Britain, Ger- 
many, Denmark, and Holl.ind (7, 8, 26, 66). Experimental data show 
the all-important effect of adequate closure and the absence of air 
gaps, the importance of mass (weight) of glass and of adequate air 
space dimension in double glazing, the significance of sound absorb- 
ent lining in double glazing, methods of edge mounting, and other 
constructional details. The theoretical loss of insulation in thin bar- 
riers such as glass due to resonance at lower frequencies in both 
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sin^e and double glazing and coincidence effects at higher frequen- 
cies have been successfully measured (26)* Some highly efficient 
double windows with insulation values of 50dB have recently been 
made. 

Three general points should be mentioned: 

1 Designers are now becoming aware that masking soimdfrom 
street noise entering throu^ windows can be useful in preserving 
privacy between one room and another. Where the windows are dou- 
ble. lightweight prefabricated partitions previously adequate for 
privacy may be inadequate without the masking sound. This enq;>ha- 
sizes the necessity for considering noise from all sources. 

2. It is also becoming realized that the sheer, smooth curtain 
wall fagade creates reverberant sound fields in city streets. Glass 
set well back behind balconies, fins, louvers, and the other external 
breaks will reduce this effect and. where the sound source is dir- 
ectional. may keep some of the incident energy off the g^ass. 

3. The linking action of the window between people and outer 
reality, while primai'iiy visual, may also be aural. Limited aural 
awareness of traffic, people, weather (for instance, wind and rain) 
may for some people be a valuable feature. 

FIRE RESISTANCE 

Most fire research stations in Europe have at one time or another 
carried out tests on the fire resistance of various glasses and ^ass 
blocks (3. 27. 38). Although wired glass and glass block panels re- 
sist fire more than one hour under standard conditions, fire rules 
and regulations in many countries limit window and curtain walling 
areas and periods of fire resistance of glazing materials severely. 
In Britain the requirement for a fire-resistant wall between win- 
dow heads and window sills can be traced back to fire regulations 
made after the Great Fire of London at the end of the 17th century. 
It is only recently that tests at the British Fire Research Station 
(17) and elsewhere have shown that such a fire-resistant wall makes 
little difference to the speed with which fire spreads within a build- 
ing fi*om one floor to the next. 

With regard to window areas in outside walls and curtain wall- 
ing. the regulations are coming into line with modem constmctional 
technique without sacrificing safety. One S 3 rstem proposed (37) is 
to deternoine window areas from a triple sliding scale, taking into 
account the distance of a building from the boundary or adjacent 
property, the fire resistance requirements of the wall, and the win- 
dow area. Such systems are designed to guard ag^nst the spread 
of fire from one building to another by means of radiation through 
the windows rather than to prevent the spread of fire within one 
building. The fire resistance requirements relatingto windows must 
be considered together with problems of heat transfer and daylig^t- 
ing in relationship to general building la 3 rout and planning. 
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METEOROLOGY AND WINDOWS 

No matter how refined techniques of daylight or heat transfer 
prediction become, the results will only be as accurate as the me- 
teorological data used. While meteorological records are available 
all over Europe, only recently has the Importance of micro-climate 
become accepted. It Is known that within a city or a small area, large 
variations in temperature, wind speed, humidity and atmospheric 
pollution can take place— that a new building alters the micro- 
climate immediately around Itself. Two organizations are studying 
these problems: the Mixed Commission of Building Climatology of 
CIB (International Council for Building Research Studies and Docu- 
mentation) and the International Society of Bioclimatology and Blo- 
meteorology. There is a lack of data on solar radiation on vertical 
surfaces for various orientations. Similarly, daylig^ting data re- 
corded on a statistical frequency basis are few and often do not 
separate sunlight from skyli^t or determine the variations of sl^ 
illumination with orientation. 

One of the most comprehensive studies of natural radiation is 
being made at the Belgian Observatory at Uccle under the direction 
of Dogniaux (21).*^ Here continuous records of diffuse, direct, and 
total solar radiation and of daylight have been made for a number of 
years, and their correlation with cloudiness has been established. 
Sky luminance distribution measurements are also made, and the 
results have been expressed on a statistical frequency basis. At 
Kew Observatory, and at other stations in a network linked to Kew, 
normal incidence direct radiation has been measured for many 
years, as well as total and diffuse sky radiation on a horizontal sur- 
face (61). Measurements of total daylighting including sunlight on a 
horizontal plane are also available, the earliest being made at the 
National Physical Laboratory before World War II (16) and expressed 
on a frequency basis. These measurements are often used in Britain 
as the basis for daylight design. 

Extensive radiation measurements have been made in the Scan- 
dinavian countries (56). Radiation measurements are also available 
in Germany from Upper Bavaria (Holzkirchen), Karlsruhe, and 
Potsdam (68). Measurements of daylig^ting have also been made at 
Utrecht in Holla 1 (51), divided into total and sky illumination, the 
latter obtained by shielding the sun. 

Detailed measurements of wind pressures on high buildings 
humidities near and around buildings, rainfall, and atmospherJo 
pollution in rural and industrial zones are also in progress. 

All this scientific work is invaluable once it is integrated into 
engineering calculations which are sufficiently refined to use the 
data. It may be that the tabulation of design data awaits the time 



^ Reference 21 is a resume of many valuable papers on radiation 
and illumination by Dogniaux et al. published by the Royal Mete- 
orological Institute of Belgium. 
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wh6n comput6rs ar6 r6gul£u?ly 6inploy6(l for building ©nginooring 
calculations. 



WINDOW ECONOMICS 

Architects and building owners are using cost planning and anal- 
ysis as a design tool. 

The cost discussion frequently centers around the question oi 
windows or no windows or the amount of windows and the number 
of rooms to be lifted by daylight. In such calculations, the capital 
cost of window construction has to be weired against capital cost 
of alternative materials, and the operating costs of heating, lighting, 
and maintenance must be compared. Any change in window construc- 
tion such as double glazing will affect heating costs - both capital 
and operating - and, less obviously, the lighting costs. Cost of 
cleaning and maintenance, including that of blinds where they are 
provided, must also be taken into account. 

In the thermal calculations, it is Important to include physiolog- 
ical factors as well as the basic room air temperature. A person 
working near a large single-glazed office window will need hi^er 
room temperatures in winter than one near a double-glazed window. 

There will be cases where calculations show a saving with the 
reduction or total omission of window*. , particularly where heating 
costs are high and lighting costs are low. It is these cases which 
should remind the designer of the metaphysical function of the win- 
dow. By means of cost planning techniques, he and his clients can 
see how much they are paying for qualities which cannot be econom- 
ically assessed and can judge whether the cost is worthwhile. Cost 
planning is therefore not only a tool for finding the cheapest alter- 
native but a way of deciding how much the intangible aspects of en- 
vironment cost. 

Already mentioned is Burning’s work in Germany where different 
space/hei^t relationships between blocks of flats are related to 
window areas and final costs. In Sweden Investigations have related 
capital costs of different window types to heating, lighting, and 
maintenance (5, 36, 62). They show that an increase in window size 
always costs less than an increase in the number of windows to ob- 
tain the same total daylight area. They are investigating relative 
costs of different ways of sub-dividing a window, the effect of air 
leakage, and the effect of shape and niunber of panes. The relative 
economics of double and triple windows has also been investigated 
in Sweden (1), and it has been shown what climatic conditions are 
necessary before an economic gain results. A similar study in Nor- 
way shows how critically the margin between a net gain or loss is 
determined by fuel costs and interest rates on capital (40). Similar 
economic studies have been made in Germany (6, 59, 70, 71) and in 
Britain (43, 44). One by Manning at the University of Liverpool (42) 
Investigated the economics of dayli^t with reference to roof light- 
ing in single-story factories. 
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More important is the general acceptance of the cost planning 
and analysis techniques. When these become used as every-day 
tools, decisions on window design can be expected to become more 
rational. Meanwhile, more data is needed on summer heat gain prob- 
lems, the availability of daylight, and maintenance costs. 

CONCLUSION 

Window design is a fertile field for all building science. There 
are complex physical problems, and there is much for the building 
physiologist and psychologist to learn. The economist and meteor- 
ologist are both drawn out of their customary fields into human en- 
vironment. The manufacturer is aiming for a refined, self-regulating 
organ. The architect must combine technical solutions and relate 
them to indoor and outdoor space to satisfy deeply rooted desires. 
We are in the presence of one of the “arche-types" of architecture. 
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Swedish Practices in 
Window Design 



by Gunnar Pleijel, Royal Institute of Technology, Stockholm 

Abstract: To understand window design in Sweden, it is necessary to know tfu ^ 

ciimate and the standard type of window. Swedish methods of daylight predic- j 

tion are diagrams and protractors (apeci<My space-angle-projection diagrams, | 

component cards, screen cards, and the new daylight discs), model rneasun- J 

ments, and tables and graphs. Prediction of solar radicUion is by mecms of soicr ! 

charts, radiation cards, globoscope photographs, model studies, and tables and \ 

graphs. Recent Swedish investigaUions on glass and shading devices and on heat | 

balance of windows are described Many Swedish studies are cited | 

THE WINDOW IS A SPECIAL DESIGN PROBLEM, which must be I 

solved with respect to the climate. Since the variations and com- s 

binations of the climatic elements are unlimited, the solution will 
be different for every part of the world. To understand window de- 
sign in Sweden, it is first necessary to know something about the 
climate there. 

CLIMATE IN SWEDEN 

From the Gulf Stream, heat comes to Sweden with the west winds. 

Low pressures from the west cause rapid changes between sunshine 
and rain. Sometimes a hij^ pressure causes long periods of sun- 
shine. On the other hand, in the winter we may not see the sun at 
all for months. 

The low pressures alwa3rs have a moving front between cold and 
dry air from the north and warm and humid air from the south. The 
air rapidly changes from cold and dry with a clear sky and sunshine 
to warm and humid with a cloudy sky, rain and snow. The temper- 
ature can drop 10° C (18° F) and rise again the day after. The normal 
mean temperature in the north is -12®C (10° F) in January. For long 
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periods, however, the temperature can drop to -20® C and -30® C 
(-4®F and -22® F). In the south the mean temperature is about at 
the freezing point in January. During the summer the normal mean 
temperature is rather uniform over the whole country: in July it is 
+15® C (59® F) in the north and +18® c (65® F) in the south. 

In April, when snow covers the north, flowers are growing in the 
south. Very seldom are temperatures up to 80® F . 

The heating season C.s rather long — in the north, ten months and 
in the south, seven months. Fuel consumption, however, is twice 
as much in the north as in the south. Since 80% of the fuel for heat- 
ing is imported, houses are generally very well insulated. Double 
glazed windows are standard and in many houses one finds triple 
glass. Windows are alwaye well weather stripped. 

Until quite recently, there was no need for cooling houses. Solar 
heat penetration through curtain walls and the large windows in the 
new office buildings, however, causes overheating. Many of the new 
buildings with glass fa 9 ades have therefore been provided with air 
conditioning, including the possibility of cooling the ventilating air, 
but dwellings do not need any cooling. 

Humidity is very low in winter, with a water vapor pressure of 
1-3 mm Hg (1/16 - 1/8 in.). The relative humidity of the air inside 
is only about 35% in winter and there is no trouble with condensa- 
tion, especially since the window curtain is often placed between 
the panes. 

Solar radiation and daylight in Sweden have a different character 
from that of countries at more southerly degrees of latitude. The 
country lies between 56® N. and 68® N. latitude, the same as Alaska. 
The midnight sun is a well-known tourist attraction. The sun*s path 
in the sky is rather low. In summer the maximum altitude at noon 
is about 45® in tY i north and about 58® in the south. The sun rises 
in the summer about 3 a.m. The sunset is about 9 p.m. in northwest. 
At midsummer the daylight never fades, in the north being about 
100 foot-candles at midnight. In contrast to the long solar time dur- 
ing the summer, the sun shines only a few hours in winter, which 
is a long time of depressing darkness. 

People in Sweden like sun and fresh air. Therefore, living rooms 
and balconies face west. Houses are often built with bay windows 
to catch even the winter sun from the south. The windows are us- 
ually not large enough for the rooms to get hot from the sun. The 
conunon shading devices seem sufficient. In the summer the win- 
dows frequently remain open. 

Bedrooms often face east. Good shading is needed ag;ain*;t the 
morning sun. The shading must be opaque and also keep uul heat 
from the sun. 

Because of the low water vapor pressure in the air the solar 
radiation is rather strong, especially in spring when the temper- 
ature is low. The maximum radiation on vertical fa 9 ades then is 
about 800 kcal/m*/hr(300 Btu/ft?/hr) when the altitude of the 
sun is 30® over the horizon. Through the large windows in curtain 
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walls, solar heat can cause a very high temperature inside. In the 
summer, windows to the southeast and southwest get the most sun- 
shine. Even in Sweden cooling of houses with extensive glazing is 
now needed — or an effective shading device against the heat from 
the sun. This a very real problem. 

The long dark winters in Sweden, especially in the north, cause 
problems with daylight and artificial lig^t. The difference between 
daylight duration in winter and in summer is much greater than in 
more southerly countries. Immigrants from southern Europe can- 
not stand the winter darkness in the north. They get a serious de- 
pression called *Lapp-illness.” Supplementing daylight with a strong 
electric light during the winter is therefore necessary. Unfortu- 
nately, the supply of water for hydro-electric plants is least in win- 
ter and much electricity goes to industry. 

There is snow cover in northern Sweden during seven months of 
the year. In many places the frost never leaves the ground in sum- 
mer. The snow is a good heat insulator and a good reflector of light 
and heat radiation. The light from the sky is therefore supplemented 
by the reflection from the snow. When spring comes, the reflection 
from the snow can be very strong and troublesome. 

The clarity of the sky in the north is equal during the whole year, 
with a mean value of about 35%. In the south the difference between 
winter and summer is more marked. The summer value is about 
45% and the winter value about ?i5%. 

WINDOW DESIGN IN SWEDEN 

In Sweden, standard windows are recommended by the Swedish 
National Commission on Standards (45) and represent about 80% of 
the windows made (Figure 1). 

The standard windows are made of wood. They are casement 
windows (there are no sash windows in Sweden), with double glazing 
in two sets of coupled, side-hung sashes. The distance between the 
panes is 2 inches, because in Sweden the protection against the sun 
is put between the panes. The windows are carefully weatherstrii.)ped 
between the inner sash and the frame. This sash is pressed against 
the frame with an espagn^olette bolt to get good air tightness. Be- 
tween the two sashes there is a 1 mm slit, connecting the air space 
between the panes with the outside air. This is insignificant fo^ in- 
sulation, but avoids condensation (6). 

If triple glazing is desired, a hermetically sealed double glass 
on the inside is recommended. 

DAYLIGHT PREDICTION 

In Europe daylight factors under an overcast slqr of the Com- 
mission Internationale de l’Eclairage(CIE) type are used (see Mar- 
kus’ paper, page 119). From the daylight factors, the absolute illu- 
mination values are obtained, with aid of curves or tables, for the 
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Figure 1 — Standard window in Sweden is wood case- 
ment window with double gazing in two sets of co\fl?led, 
side-hung sashes. The distance between panes is 2 in- 
ches for putting in sun protection. Note weatherstrip- 
ping and the 1 mm slit for ventilation. 



diffuse illumination during the year. Mean flgimes of fee 

tion on a horizontal plane have been calculated for all latitudes in 

^^For the'predlction of dayli^t factors, fee three principal meth- 
ods are calculation wife diagrams or protractors, model measure- 
ments, and tables or graphs. 



[Calculation wife Diagrams or Protractors 

The basic diagram is a space-an^e-projection ofthesl^. From 
this principle, different diagrams and 

^eloped. The first were made in 1930, based on a sky wife jmiform 
luminance distribution and modified for the transmission of window 
glass. They have been in use until 1955, when fee CIE wm rec- 
ommended. A method for prediction of fee internal reflected com- 
ponent of fee daylight factor, based on the Integrating sphere, was 
also developed but it has proved to be too complicated for practical 

use (7, 12, 22, 30). «« 

In 1947 a type of calculation diagram was published, based on 

the method of perspective drawing (14). The picture plane was di- 
vided into equal square areas, each marked with its sky 

Therefore fee diagrams were called value-diagrams. This type of 
diagram has not been much used. 
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Stereographic 




Figure 2 — Component card. Stereographic projection 
of the ^ky on a horizontal plane. Every point is equal 
to a sky factor of 0.1%. 

Another type of calculation diagram is the component cards, de- 
veloped in 1954 (29), which can be used for calculation of the sky 
radiation factor and the sky illumination factor. There are two com- 
ponent cards, one for horizontal and one for vertical surfaces. They 
give the sky vault in stereographic projection (Figure 2). Every 
point in the diagrams represents a sky factor of 0.1%. Windows can 
be projected on the component cards by means of a screen card 
(Figure 3). The number of points covered by the projected figure 
gives the sky factor of the window. If the vertical and horizontal 
component are known, the sky factor of a tilted surface can be cal- 
culated with a simple formula. These component cards have mostly 
been used for calculation of the radiation from the sky (40). 

Later another type of the space-angle-projection diagram was 
made, called the daylight disc. The projection of the sky is divided 
into 10,000 small equal areas, according to a method devised by 
Daniljuk, each corresponding to a skyfactor of 0.01%. This diagram 
has recently been modified for the CIE sky luminance distribution 
and also for transmission of light through window glass (Figure 4). 
When the disc is used as a space-angle diagram, the window is pro- 
jected on the diagram and thenumber of small areas covered by the 



146 



SOLAR EFFECTS ON BUILDING DESIGN 



» i 




Figure 3 — Screen card. This card contains the stereo- 
graphic projection of two sets of lines parallel to the 
x-axis and the y-axis respectively (e.g., roof ridges). 

The angles of inclination of planes throu^ the lines 
and the axis are indicated. 

projection figure is counted, which gives the sky component of the 
daylight factor. When the disc is used as a protractor, the sky com- 
ponent of square windows can be determined by multipl 3 dng two num- 
bers read off the diagram. Both techniques ^ve a very precise sky 
component. This daylight disc method has not previously been pub- 
lished. It is still being worked on under a grant from the Swedish 
National Council for Building Research. 



Model Measurement 

Daylight studies in model rooms began in 1932 when influence 
of the wall color on thedayli^t in rooms was measured with a pho- 
tocell in a scale model. These studies were made with the natural 
sky and were reported to the CIE (3). In 1940-42 daylight studies 
under an artificial sky were started. With photocells, corrected for 
the incidence error, measurements were made in models of rooms 
facing streets and courts. The sky was a flat one. The results of 
the measurements were published (9, 10, 17, 18, 21) and have been 
widely used. 
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Figure 4 — Daylight disc. Orthogonal projection of the 
sky on the horizontal plane, modified for the CIE sky 
and double glass. Each small square is equal to a sky 
component of 0.01%. For example: Stage 1 — Two num- 
bers are read off the circular H-scale, 0.56 and 0.00. 
Their mean value is 0.28; Stage2 — Two numbers are 
read off the B-scale, 6.9 and 1.6; Stage 3 — Then the 
sky component is D*(0.56-0.00)(6.9-1.6) = 2.97% 
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Many model studies were also carried out in open air under the 
natural sky (13, 17, 26). In 1949 an artificial sky was erected at the 
Royal Institute of Technology. At first it was given a uniform lumi- 
nance distribution, but this has been changed in accordance with the 
CIE standard overcast sky. Some 100 model studies have been made 
under this sky (4, 30). 

The models are carefully built to different scales, from 1 in. to 
the foot for small rooms to 1/8 in. to the foot for large rooms. The 
reflected daylight depends on the reflection factors of the model 
room surfaces, which must be the same as in the real rooms. If 
there are obstructions to the daylight outside the room, these must 
be included in the model. The models may be made flexible with 
respect to color, window dimensions, etc. With aid of systematic 
experiments, tables and graphs can be diawn up of the influence on 
daylight of wall color, obstructions outside, facade reflection. Stu- 
dents at the Royal Institute sometimes take their examination under 
the artificial sky. 

Tables and Graphs 

Results of studies of a model with rooms facing streets and 
courts were published in the form of complete tables of daylight 
factors (18). Diagrams were then constructed from which the nec- 
essary window dimensions in different external and internal situa- 
tions could be read quite easily. The Swedish National Council for 
Building Research also published these diagrams (23). 

Graphs for window design in central urban areas, derived from 
these model measurements, were published by th<^ CIE for the 
Congress at Stockholm in 1951 (20). 

PREDICTION OF SOLAR RADIATION 

Three types of solar studies are carried out in Sweden. First is 
study of the time of sunshine, which has a great psychological in- 
fluence on man, especially in Sweden where there is not much sun- 
shine in winter. Second is study of solar heat radiation, which has 
an influence on heating economy but can be very troublesome. Study 
of solar heat radiation will be intensified now because of the curtain 
walls and large windows in modem buildings. Third is study of solar 
illumination, which sometimes is good but sometimes must be ex- 
cluded because ofglare. Solar illumination studies have not advanced 
very far but there is a growing interest in protection devices against 
excess solar radiation. 

For prediction of solar radiation different methods are solar 
charts plus auxiliary diagrams, radiation cards, globoscope photo- 
graphs, model studies, and tables and graphs. 

Solar Charts 

The first solar position charts for calculation of solar radiation 
intensity and duration were made in 1936. The solar position in the 
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Figure 5 — Solar charts for northern and southern 
Sweden. Left: Solar chart for the most northern part 
of Sweden at 68°N. Latitude, north of the polar circle. 

The sun never sets at the summer solstice and the 
curve for the winter solstice does not occur in the 
chart. Right: Solar chart for the most southern part 
of Sweden at 56°N. Latitude. 

sky as seen from a point was then projected on a vertical cylinder, 
which was unwrapped. The solar charts were combined with a screen 
card for plotting of surrounding obstructions. A pinhole camera was 
also constructed for taking screen photographs 05 : the whole area in 
one picture (8, 44). These diagrams and the camera have not been 
used very much. 

In 1945 new solar position charts were constructed. They were 
of the radial type, which was r . ich better for town planning studie^s. 
They were constructed for every second degree of latitude (56 - 
68° N.) in Sweden (11, 16, 29), and also for studies at some other 

latitudes (19, 40). See Figure 5. . , 

The solar charts are mainly for determining the duration of solar 
radiation. They are very useful for planning of sunbreaks, over- 
hangs, and other shading devices and also for determining the shad- 
ing effect of mountains, neighboring houses, trees, and bushes. For 
plotting of screen figures there is an auxiliary diagram, called a 
screen ^ard (mentioned above). For rapid determination of angles 
of incidence of the radiation, a special incidence card can be used. 
The heat gain of a window can be rapidly calculated with this card 
in combination with a diagram of the intensity of the sun radiation 
at right angle and curve of the heat transmission of window glass. 

Usually heat radiation is calculated with special equations. A 
method developed in 1954 uses the projections of the solar radiation 
vector on the three main directions north- south (x-axis), east- west 
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(y-axis), and vertical (z-axis). These vectors can be tabulated and 
used in a simple formida for calculation of the radiation on any 
face, vertical or tilting. The solar chart is then used only for de- 
termining the duration of the radiation. 

The illumination from sun and sky is also dealt with in reference 
29 and the ultraviolet radiation in references 28 and 29. 



Radiation Cards 

The calculation of daily totals can be facilitated by dividing the 
solar paths in the solar charts in successively accumulated radia- 
tion. Such cards have been drawn up for 60° N. Latitude (Figure 6). 
There are three cards, one for each of the main directions. The 
screen figure is laid directly on the cards and the substituting vec- 
tors are directly read off the solar paths. They are then combined 
in a simple formula. In that manner the dally totals of radiation on 
any surface, vertical or tilting, can be directly calculated. 



Globoscope Photographs 

The globoscope (Figure 7) was constructed in 1947 in connection 
with the radial solar charts (24, 25, 27, 29). It consists of a parab- 
oloidal mirror with vertical axis of revolution, which is photographed 

from above through a lens. The camera can be replaced by the eye 
for direct observation of the picture in the mirror. When making a 
print, there can be put on the photographic paper a transparency of 
a solar chart, a component card, or a radiation card, which appews 
as a negative. Then the radiation duration, the sky radiation, oi the 
solar radiation vectors can be read directly off the photographs. 



Model Studies 

Model studies in Sweden are carried out with aid of a small sun- 
dial so that studies can be made in sunshine, which gives quite ideal 
conditions and parallel light. Indoors, sun light through a large win- 
dow can be used. A spotlight or drawing lamp (15, 16) can be sub- 
stituted for the sun. o „ 

The method is clear from Figure 8. The small sundial (3 x 3 x 

3/4 in.) is placed on the model in horizontal position with respect 
to the horizontal plane of the model. Then the model is turned and 
tilted so that the shadow of the pin in the middle of the sundial points 
to the time of the day andthetime of the year for the actual shadow 

to be studied. _ . 

Sundials are made for every second degree of latitude in Sweden 

(56° -68°) and also for many other latitudes. Efforts have been ™&de 
to make an adjustable International sundial but none of the sundials 
have proved to be so easy in use as this type. This sundial is widely 
used in town planning in Sweden. Studies have also been made of the 
penetration of sunlight throu^ windows into a room. 
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Figure 6 — Radiation cards for 60° N. Latitude (Stock- 
holm) Valid for clear sky. Unit 370 Btu/ft?/d. Top: 

For the x-component (north-south). Left: For the y- 
component (east-west). Bottom: For the z-component 
(zenith-nadir). 

Tables and Graphs 

The calculation methods described here above have been used for 
some radiation studies. One has been made for southern Sweden (31) 
and another for a solar heated house at Capri, Italy (40, 43). The 
result of these studies was comprehensive tables of the radiation 
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Figure 7 — Top left: The globoscope, a camera ar- 
rangement for taking screen pictures of stereographic 
projection. Bottom left: Screen picture. Top right: The 
screen picture combined with a solar chart. Middle 
rig^t: The screen picture combined with a radiation 
card. Bottom right: The screen picture combined with 
a component card. 
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Figure 8 — Shadow studies with the little sundial and a 
model. The sundial is placed in proper position on the 
model. The shadow of the pin indicates the time of day 
and the time of year for the actual shadow. Shadows 
for llfferent solar pc*^ft^‘?-ns can he studied by tilting 
and turning the model. 



on vertical surfaces at 58° N and 40° N Latitude. Tables and graphs 
are in preparation for four latitudes in Sweden: 56® N, 60 N, 64 N, 

and 68° N. ^ 

The studies for southern Sweden gave tables for the radiation 
duration and intensities on fa 9 ades with different orientation and 
obstruction. Daily totals of radiation were calculated, and graphs 
of the radiation on facades and ground were plotted. The radiation 
on a spherical cap with no obstruction was also calculated. 

The solar heated house at Capri, Italy, has vertical collectors 
facing southwest. They are made of panel radiators painted black 
and covered with glass. Circulatingwater is heated in the radiators, 
and the heat is stored in a big water tank. It is then distributed to 
all parts of the house in a hot water heating system. The calculation 
of available radiation was made with equations and a solar chart for 
40° N. Latitude. The shading effect of a high mountain was con- 
sidered. Complete tables for all orientations of vertical surfaces 
and also for surfaces tilting to the south resulted from this 
calculation. 
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These tables of radiation at different latitudes will give heating 
and ventilation engineers information on radiation penetration 
through windows. As the transmission through glass varies with 
angle of incidence, it has been considered already at the first stage 
of the calculation. 

GLASS AND SHADING DEVICES 

The properties of window glass with respect to the radiation and 
illumination from sun and sky are of great importance in the design 
of windows. There are special glasses for different situations, but 
the common window glass also shows significant differences. Many 
of the troubles with large windows come from poorly functioning 
glass. 

An investigation of common window glass has therefore been 
made in Sweden (38, 39). First the spectral distribution of the ra- 
diation from sun and sky was determined. Then about 50 different 
European window glasses (and also some American) were analyzed 
on their spectral transmission curves. Some of them had a very 
small absorption while others had an absorption almost the same 
as for heat-absorbing glasses. This, however, is almost invisible, 
as the transmission of lig^t is about the same for all glasses. The 
transmission of the glasses was also measured in an actinometer 
with a special slide arrangement. 

The transmission, reflection, and absorption of radiation by win- 
dow g^ass varies also with the number of panes and the ang^e of in- 
cidence. This question is rather complex when there are three or 
more panes. The problem is fimther complicated by the reradiation 
of the absorbed energy. A significant investigation of this field has 
begun in Sweden (38). 

The investigation began with the drawing up of formulas for the 
primary transmission, reflection, and absorption of the radiation 
as a function of the properties of the single panes, the angle of in- 
cidence, and the number of panes. Efforts were also made to intro- 
duce a shading device, but the properties of shading devices are 
very difficult to obtain. Then the secondary transmission and re- 
flection were studied and also the temperature of the glass panes. 
Figure 9 (left) gives the total transmission of the radiation through 
a three-glass window. Figure 9 (right) also gives the temperature 
distribution in the three-pane window with a heat-absorbing glass 
outside and common window glass between and inside. The temper- 
ature rise of the inside pane is considerable because of the sec- 
ondary transmission of heat from the other panes. 

It is quite clear that the troubles with solar heat gain cannot be 
solved with heat-absorbing glass (35, 39, 41). This glass only cuts 
down the daylight and introduces the solar heat by secondary trans- 
mission. A combination of heat-absorbing glass and an inside Vene- 
tian blind gives a worse result than common window glass plus a 
Venetian blind, because the reflection from the blind is absorbed 
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Figure 9 — Heat transmission and glass temperatures 
of three-pane windows. Left; Curve A shows heat trans- 
mission through three conwnon window glasses: curve 
B shows heat transuiission through a heat-absorbing 
outer glass and two common window glasses. Right: 

The temperature of the glass panes in a three-pane 
window with a heat-absorbing glass outside (same as 
curve B). 

by the heat-absorbing glass and the protecting effect of the blind is 

diminished. . . - ..j.. .j 

These problems are somewhat different in Sweden and in the 

United States, where complete air conditioning must be installed 
because of the hot outside air in summer. Thus the question of pro- 
tection against solar heat is only a question of saving the operating 
expenses. In Sweden the mean temperature of the outside air in Jidy 
is +17® C (63® F) and thus there is no need for air conditioning. To 
take care of the solar heat gain through large windows, however, 
complete air conditioning must be installed if a protecting de^ce 
is not sufficient. A good protecting device could save both Instmla- 
tion and operating expenses of the air conditioning. Heat-absorbing 
glass and Venetian blinds are not sufficient. Therefore Investigations 

are being undertaken along new lines to cut down the heat gain. The 
protection will be be placed entirely on the blind, giving the whole 
window as small absorption as possible. The protection shall be by 
reflection and not by absorption. 
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In 1952-54 an investigation was made of shading devices against 
solar heat gain and also against heat lossthrou^ windows (32, 42), 
Nine wooden boxes were used, in which one side was a window of 
common construction. The windows were provided with shading de- 
vices such as Venetian blinds, folding paper blinds (translucent or 
covered with aluminum foil), etc., in most cases between two glass 
panes. 

It was found that the Venetian blind was poor protection against 
the heat from the sun, but good protection against the sunlight. The 
transmission was between 60% and 85% with somewhat open slats. 
The folding paper blind was much better, only 35% of the heat pene- 
trating the box. A canvas awning had a transmission of 25%. Best 
were the aluminum coated paper blinds with a minimum transmis- 
sion of heat of 15% but they were not translucent. 

The boxes were electrically heated inside in the winter, when 
the radiation from the sun and sky was very weak. The heat insu- 
lating properties of the devices as compared with the window without 
any protection could then be measured. For the unprotected window, 
the U-value was 0.46 Btu/ft?/hr/°F. If the window had a Venetian 
blind between the panes (slats closed), the U-value was between 
0.31 and 0.36 Btu/ft*/hr/®F. Afoldingpaperblind in the same posi- 
tion gave the window a U-value of 0,34 Btu/flr /hr/ F, and ^th an 
aluminum coated blind (both sides) the value was 0.24 Btu/fr /hr/ 

° F. It can be seen that shading devices also have good insulating 
properties, which is an economic factor. 

HEAT BALANCE OF WINDOWS 

The heat balance of a window is mainly determined by heat gain 
from sun and sky radiation, and heat loss due to temperature dif- 
ferences between indoor and outdoor air. In hot climates both the 
radiation and the temperature differences give a heat gain, at least 
during some part of the year. 

The heat balance of windows for the climate of Stockholm has 
been calculated for different orientations and for an imobstructed 
sky (33). The window had no protection against the solar heat gain 
but it was provided with an aluminum coated blind which was pidled 
down during the hours of darkness and sleep. See Table 1. 

From the table it can be seen that for windows with an orienta- 
tion from southeast to southwest the heat balance is positive during 
eight months and negative four winter months. The balance during 
the heating season is positive, which means that the window is self- 
supporting with re'spect to heat and also leaves some heat for the 
demand of the rest of the house. By experiments it has also been 
found that heat gain throu^ windows plays an important role in the 
heating of houses (5). 
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TABLE 1 HEAT BALANCE?’ OF A DOUBLE- PANE 

WINDOW, WITH AN ALUMINUM COATED BLIND PULLED 
DOWN DURING NIGHT. 60® N. LATITUDE (STOCKHOLM) 





Orientation 




Month 


N T 


neI 


E 1 


SE 1 


s L 


sw 1 


W 1 


NW 


NESW* 




Heat balance In Btu/ft* per 24-hour period 
Mean value for the month 




I 


-246 


-246 


-232 


-179 


-146 


-179 


-232 


-246 


-214 


, II 


-237 


-235 


-197 


-117 


-67 


-117 


-197 


-235 


-174 


m 


-186 


-169 


-73 


+44 


+106 


+45 


Lil 


-167 


-56 


IV 


-88 


-52 


+66 


+165 


+193 


+187 


+108 


-18 


+70 




V 


-(-40 


-(-76 


+215 


+292 


+286 


+332 


+321 


+178 


+215 




VI 




+164 


+288 


+344 


+346 


+385 


+417 


+297 


+298 




vn 


-(-179 


+210 


+340 


+400 


+?92 


+445 


+456 


+325 


+342 




Vffl 


-(-104 


+142 


+264 


+352 


+368 


+382 


+324 


+194 


+265 




IX 


+2 


+28 


+138 


*^255 


+307 


+260 


+148 


(^36 


+149 




X 


-103 


-100 


-47 


+42 


+98 


+42 


-47 


-100 


-25 


XI 


-186 


-186 


-168 


-115 


-82 


-115 


-168 


-186 


-151 


XII 


-221 


-221 


-214 


-179 


-158 


-179 


-186 


-221 


-202 


Average® 
for year 






















-23.9 


-17.5 


+12.0 


+40.1 


+50.4 


+45.8 +26.2 -3.8 


+16.2 


1 










Heating 

season 




















-37.2 


-34.2 


-18.0 


+2.3 


+12.0 


+4.0 


-14.1 -30.5 


-14.4 





















^Positive balance (+) means that heat gain Is greater ttan heat loss; 
nSitlve balance (-) means that heat loss Is greater than heat gain. 
Positive balance Is enclosed In frame, 

* Mean value for all orientations. 

®Btu/f^ X 10? 
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Conference Summary 



by Wayne F. Koppes, Architectural Consultant 



I HAVE TWO DISTINCT REACTIONS as this conference draws to a 
close. The first is that it has been a very interesting and stimulating 
two days. Many different aspects of the subject have been discussed 
by capable men representing many different fields of interest. The 
members of this planningcommittee, and in particular its chairman, 
Orville Pierson, are to be congratulated for the fine program. 

My second reaction is that this conference has provided a fine 
example of the type of program that represents BRI at its best. It 
has been essentially exploratory in character - an attempt to define 
various problems, and a review of some of the means at hand to 
solve them. It has been essentially free of commercialism; in fact, 
it has been about as close to real building research as we can hope 
to get in such meetings. Another very commendable feature of this 
conference has been the participation of our friends from abroad. 

REVIEW or THE PAPERS 

Dr. Logan very competently set the stage for our thinking with 
his keynote address, outlining in an interesting manner seven effects 
of solar radiation on building design. One observation of his that 
particularly deserves to be remembered was his statement that 
“Building is only static clothing - designed to serve a group rather 
than an individual.” 

Then Professors Liu and Jordan provided us with quantitative 
data on the thermal effects of solar radiation, explaining how and 
where such data are obtained. Dr. Hardy followed with an appro- 
priate sequel — a scholarly dissertatb. *• ''n the effects of this ther- 
mal radiation upon the human skin. 

In the next session, the discussion was concerned less with basic 
theory and data and more with the esthetic and economic aspects 
of the subject. I’m sure that my architectural colleagues found 
Mr. Klings’s analysis of the esthetics of sunlight and shadow very 
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Interesting, and found hie Illustrations Inspiring. I wtoh we might 
have heard more about the “sun break* wall. It was quite a 
tion to learn that one way of reducing the solar heat load to the 
equivalent of a 40% glass wall is to increase the proportion of glass 

Professors Queer and McLaughlin then introducd the matter of 
relative economy, demonstrating that there are many factors to be 
considered in comparing true overall costs of walls. As I 
preted their studies, with only a brief glimpse at the sun^ary table, 
two important findings resulted. First, the ultimate costs of mason- 
ry, metal, and all glass appeared to be 

and second, in spite of its high initial cost, double insulating glass 
WAS found to bo oconoxnicfll in Eir-conditionod buildings* 

Then Mr. Jaros, in his inimitable thorough fashion, summMlzed 
for us the hi^ights of his paper. I have reviewed this paper in de- 
tail, and I assure you that it contains a wealth of very useful cost 
information of great interest to architects. Perhaps his most » g- 
nificant conclusions concerned the effectiveness of heat-absorbing 
Sass, the value of the Venetian blind, and the fact that exterior 
shading devices are usually best for controlling heat gain - if you 

In the following session, very distinct differences of opinion be- 
ean to appear. Professor Griffith emphasized that natural ilium - 
nation produces much less heat gain per foot-candle than electric 
Illumination and therefore provides lower cooling f°sts. Professor 
Evans capably and rather romantically extolled the value of sky- 
lights. He convincingly argued that the proper source 
tion is through the ceiling, but I think he will agree that this applies 
chiefly to one-story buUdings. Mr. Fisher disputed some of^ese 
theories, stating that the only sensible approach to lighting desi^ 
is to provide all the necessary illumination electrically, s'»PP'®“f 
ing it with daylig^twhen it is available. He even advocates toat elec- 
tric lighting should be Intensified, rather than diminished, on the 
window side of the room. I found this session, on the whole, a litUe 

confusing but stimulating. -i. 

In the last session, two excellent papers reviewing the work 
abroad were presented. Mr. Markus gave a comprehensive and 
sci'olarly review of the essential considerations influencing proper 
window design. His principal concern was with visual 
but he also made some important observations about the noise and 
the thermal environments. The daylight factor interested me, par- 
ticularly the fact that illumination in buildings 

islation in some European countries by reference to this daylight 
factor. This seems a much more logical basis for control than any 
I have observed in our own building codes. I made particular note, 
too. of his statement that “the higher the brightness of the outd^r 
sky. the higher the levels of the permanent supplementary ^tifici^ 
lighting also have to be.“ This seems to support Mr. Fisher s 

position. 
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Dr Pleilel* s paper provided additional information on the studies 
of natural Ulumination which have been going on in Sweden for m 
long as 30 years. As an architect. I was particularly interested in 
the typical Swedish window designs, with the 
customarily placed between the glass panes. We Just beginning 
to^ee that principle exploited in this country. I was also impressed 
by the fact that in most cases these desi^s follow the 
tions of their National Commission on Standwds. Dr. ® 

troductory sketch of Sweden’s climate helped us to P^eciate ^at 

their con^rns with the thermal aspects of solar radiation we so^^ 

what different from ours. I noted, too, that his evaluation 

blinds and heat absorbing glass did not seem to agree with that o 

Mr. Jaros. 

NEEDS INDICATED 

This subject of Solar Effects on Building Design proves to be a 
very big one. We have so far dealt with only two of tte seven 
that Dr! Logan outlined in his keynote address. Of course these 
two — light and heat -- are undoubtedly the most important, but some 
attention is due the other fire. Even under these two heading there 
weCtes whL^ have received little attention - topics such as ^ 

design of exterior shading devices, deteriorating effect of soIm^ 

nn materials the insulation of opaque areas, and the beneficial 

effects of solkr radiation. We dealt mainly wlto 

effects. Most of our concern has been with 

mercial buildings, and the unique problems of residential buildings 

have been prominently 

indicated by this conference: 

1 The need for better communication regarding this subject - 
ttie need for more generally available information, presented 
in terms readily understood by the average Mchitect, 
responsibility it is to translate these principles IntobiUlding 
design. Instruction concerning insulation ag^nst heat gain 
has tiius far received little attention in the architect’s formal 
education, and there is little learned either, about the science 
of daylighting. 

2. The need for much more objective and unprejudiced rese^h 

In this field. As long as Industry provides the principal sup- 
port for building research, as it does in this country, thorough 
and objective as this research is, there are likely to be con- 
flicting results and claims. 

3 The need for more BRI conferences on this subject. The 
‘ committee should be requested to organize 

dealing in greater depth with only certain segments of the 

general topic of solar effects. 



Open Forum Discussion 



Moderator: Henry Wright, Columbia University 

Panel Members: Messrs. Markus and VilcP' 

Mr. Wright: I would like to hear the European view of desirable 
minimum-maximum illumination intensity expounded a bit, 
Mr. Markus. 

Mr. Markus: The general trend has been the same as in the United 
States, in that we are about doubling our illumination levels every 
five cr ten years. IntheU.S.A. and in England and France, we’re 
reaching nearly the top (flat part) of the illumination vs. visual 
performance curve. On the steep part of the curve (the lower il- 
lumination levels), relatively small increments of illumination 
give you relatively big results in terms of performance. Then 
the curve bends over fairly sharply near the top and you must 
double, sometimes even triple, your illumination level for a 1% 
to 2% increase in performance. This is based on work done by 
Weston in England which is similar, although older, than work 
done by Blackwell in this country. The question is: Just how far 
do you go on that curve to get the extra 1%, 2%, or 3% perform- 
ance and how much are you willing to pay for it in terms of 
illumination? 

In Europe we have placed much less reliance on illumination 
levels than on quality ofillumination. Admittedly, a lot of British 
codes have been, at least in the past, entirely in quantity terms, 
but architects have not simply taken these and followed them 
literally. 

The rising illumination levels that are now recommended are 
almost impossible to meet from daylight alone for 90% of the 
working hours in manybuildings, unless you keep the rooms very 
shallow and very high, which is uneconomical. It is with this idea 
in mind that the work referred to in my paper has been done on 
permanent supplementary artificial lighting. The whole basis of 
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that work is to supplement the daylight permanently but to treat 
daylight nevertheless as visually your primary source of light, 
because we consider this psychologically Important. The work 
has shown that subjectively the brighter it gets outside, as long 
as there are any lights on at all inside, the higher your illumi- 
nation level has got to be inside. At first this sounds paradoxical, 
but if it gets bright outside and your inside level is very low, 
you immediately Judge it to be gloomy and dark when, in fact, 
if you measured it photometrically it would be more than ade- 
quate from the code point of view. Many systems which control 
light by photo cells have failed because they switch the lights 
off when it gets brighter outside, which is exactly the reverse 
of what you want to do. 

Mr. Wright: I had the experience some years ago of putting quite 
dark gray glass in a window in an office in Rockefeller Center. 
The office was illuminated with a plastic shade semi- indirect 
lighting fixture that today would be regarded as very poor qual- 
ity. The gray glass made the electric lighting suddenly appear 
to be very up to date and effective; having, in effect, made the 
outside less bright, the gray glass made the inside quite a lot 
brighter. We can be content with considerably less electric il- 
lumination if we have a means for reducing outdoor brightness 
such as that provided by low transmission glass. 

Large windows in the past have been regarded as a free 
source of illumination. If we want a great deal of illumination 
with a minimum of heat, we can get it best from outdoors be- 
cause our electric lighting equipment doesn’t compare in effi- 
ciency of light output with the sun. It is quite possible that 
skylights can be shown to completely pay for themselves in re- 
duced installation cost of air conditioning equipment. In fact, a 
very reasonable combination would be skylights and low trans- 
mission windows. 

Mr. Wright: The venting of the double windows in Swedish practice 
is done in order to prevent condensation between the windows. 
Is there sufficient venting to offer a means of excluding solar 
heat, if we were to use a heat absorbing outer sash? 

Mr. Vild: The vents in the Swedish design are only one millimeter 
wide. Their purpose is to equalize vapor pressure differences, 
and since the air space will generally be warmer than the out- 
side air, no condensation should take place. I don’t think they are 
large enough to carry off heat due to solar energy. For this pur- 
pose, larger vents would be needed. 

Mr. Wright: Is there any experience abroad with heat-reflecting 
glass as opposed to heat-absorbing glass? 
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Mr. Mftrkus: It is now svftUsbl© in Europe, made by the Belgian glass 
manufacturers, generally in the form of a heat-reflecting coating 
on the inner surface of the outer pane of a double glazing unit. 
Since it is very vulnerable to corrosion and scratching, 3 tou can*t 
use it on an exposed glass surface. Actually, the lij^t travels 
twice through the outer pane of glass. Of course, there is a re- 
duced light transmission. 

It amazed me very much that when heat-absorbing glasses, 
shades, and similar devices for exclusion of solar heat were 
listed in order of efficiency, nobody used any yardsticks. One 
cannot assess tlie efficiency without reference to lig^t. It is the 
heat-to-light ratio that should be the yardstick, rather than the 
heat exclusion alone. 

Mr. Wri^t: Is that consistent with the fact thatwe are deliberately 
making the windows of low transmission? 

Mr. Markus: You do not need the low transmission at the times when 
you are most worried about solar heat absorption. It is the over- 
cast, cloudy sky that is a real worry from the glare point-of- 
view. On clear days, you have no worry about glare unless you’re 
actually looking at the sun, because a blue sky is one of the most 
comfortable thing s you can look at. An overcast sky is ten times 
as bright. 

Mr. Wright: Blue skies sometimes have sunlit clouds floating around 

in them. 

Mr. Markus: Yes, but generally one does not associate the acute 
glare problem with the same days as acute solar heat problems. 
The glare problem arises in winter, spring, and autumn. In the 
summer when you have heat and high temperatures, 3 tou would 
not have the glare problem unless you are thinking of glare from 
the sun which probably cannot be dealt with by means of glare- 
reducing glass, but needs to be dealt with by shading. 

R. P. G. Pennington, Board of Education, Toronto, Canada: Can you 
defend double glazing for solar control as being heat-absorbing 
or solar reflecting? 

Mr Vild: In your area, where you have cold-climates, heat- 
absorbing type Insulating glass becomes a particularly effective 
device. In the colder weather, heat lost through this type of glass 
is on the order of 50% or 60% of what it would be for single heat- 
absorbing glass or single regular plate glass. I think this is an 
appreciable savings and will also Improve comfort conditions. 

Mr. Wright; I hi^)pened to see a picture in the New York Times of 
a college building where a wall about three stories hi^ had been 
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provided with a heat-absorbing glass screen. It was set out from 
the building about 18 inches in a grid of aluminum, I believe, and 
behind it the air could freely circulate. Unquestionably, the cir- 
culation of outdoor air behind such a heat-absorbing device offers 
enormously more promise. If you are going to try to use a trans- 
parent heat-absorbing plane, the outdoor air must be able to cir- 
culate behind it and carry away the heat. 

This ^>plies to a great de^ of construction, by the way. We 
need holes that will let the hot air out. At Columbia University, 
we are studying the effect of this type of ventilation in a little 
sample of roof construction. If the air in the cavity in the roof 
heats up to 130° or so, and if you can provide an outlet through 
which it can escape, it will carry away a lot of unwanted heat 

with it. . ^ j 1 1 . 

It would be ridiculous to buy a sealed double glazing as a 

means of keeping out solar heat. You can buy sealed solar glaz- 
ing as a convenient method of heat conservation in the wintertime 
with freedom from trouble and so on, and it will eventually pay 
for itself, as any form of insulation must. It would take a terribly 
long time for it to pay for itself in air conditioning savings, and 
except as a stopgap method of improving comfort, I don’t think 
it*s at all a promising idea. The sealed double glazing developed 
in this country, with or without a heat- absorbing outer layer, is 
mainly used to reduce the loss of expensive heat in the winter. 
It cannot be Justified economically for the sole purpose of reduc- 
ing heat gain in the summer. 

Mr. Vild: Very definitely, you can economically Justify heat- 
absorbing type glass on an air conditioning basis. Taking into 
account that with the common shading devices, the heat gain is 
reduced 30 to 40% over single glass, and taking into account the 
initial and operating cost for the building, I believe that in ^ /ery 
area of the country there can be shown an economic Justification, 
on an annual owning and operating coat basis, for heat-absorbing 
type insulating glass. 

Mr. Wright: A good deal of your Justification would be winter-heat 
saving, wouldn’t it? 

Mr. Vild: Yes, but you have to take the whole picture into consider- 
ation. If you have to pay for the buildings year by year, as well 
as paying the initial costs, you are always ahead with the heat- 
absorbing insulating glass. 

Mr. Markus: While you have expressed some doubt about the ques- 
tion of sealed double glazing units with heat- absorbing glass, 
nobody would deny that it’s very much more efficient to have a 
double glazing system which is fully ventilated to the outside, 
provided it is technically feasible. Your inner glass then acts 



168 



SOLAR EFFECTS ON BUILDING DESIGN 



as a shield against long wave radiation and the air current 
takes away the built-up heat from both glasses. This is what 
was done in the UNESCO Building. You have a double glazing 
system there where the heat-absorbing glass is projected about 
2 or 3 feet outside of the window. But, if you do that, you have 
two problems: first, you must seal it again for the winter, 
otherwise, you lose the value of the air space; second, you 
have cleaning problems, because as you bring your ventila- 
tion through, you also dirty the inner faces. This means that 
you’ve got to be able to get in and clean the two inside glass 
surfaces. 

Mr. Wright: The European practice of building double windows as 
two separate complete sashes would be a virtue in this case. 
Such a window has recently been introduced in the United States. 
It is necessarily more expensive than the one sash. 

S. H. Walter, E. I. duPont de Nemours & Co., Inc.: How is the paper 
window shade described by Dr. Pleijel operated? 

Mr. Vild: One method is similar to the way our Venetian blinds work, 
but with the cords coming through the framing. Another method 
is by means of a gear which you spin with your thumb. It is nec- 
essary to have an opening for the cords or for the gear. 

Mr. Markus: The most common kind of paper blind is a concertina. 
It is a folded-up paper blind with inch folds and the cords actually 
go through holes in the sides of the concertina. You just pull the 
cord and the whole thing collapses and is pulled up to the top of 
the window; and it just drops by gravity when you release the 
cord. Frequently, one surface of the paper is metallized. 
Dr. Pleijel has done work on metallized paper blinds. As he 
points out, a window in Sweden has a curtain or blind 50% of its 
time at night. Thevalue of the thermal insulation of the air space 
is about doubled by having a metallic surface on one side of the 
blind at night. Thus, the heat losses are considerably reduced. 

S. E. Persson, AMELCO: Mr. Fisher says in view of the fact that 
air conditioning equipment costs more than six times as nuch 
as heating equipment, it would require more than six times as 
much investment to air condition out the lighting heat gain in the 
summer to offset the gain in winter. How can you not regard air 
conditioning loads from electric lighting as you suggested? 

Mr. Vild: In every case it costs you a lot more to get rid of a Btu 
than it costs to make it. Where you reduce your heating require- 
ments, but increase your air conditioning requirements by the 
same amount, it is going to cost you more to operate the sys- 
tem. So, I don’t think on an annual basis there’s any advantage; 
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in fact. Pm pretty certain there’s considerable thermal disad- 
vantage to using electrical illumination for heating. 

S E. Persson, AMELCO: Ughts are on only elg^t hoiws out ol 24 
and usually during the warmest part of the day. How can you 
justify this as heat gain? 

Mr Markus; One answer would be that the heat output from lighting 

** is as least partly radiant and Is absorbed by the floor re- 
leased later on. But. 1 think that Is also the criticism. It Is tdl 
very well for Mr. Fisher to say that you can provide Ml the heat 
you need In winter from your lights, but you are going to have 
some very dissatisfied people in your building. 

Mr Wrleht: I suspect that Mr. Fisher had In mind certain Mran^- 
me2 such as the one where alrlsdrawn out thro.^ the Hat- 
ing fixtures, acquiring a fairly high ten^rature “ ‘Je c^e 
of being drawn out. and then Is taken to other 
Ing where the heat Is badly needed. There is m °®‘ce bidl^flng 
in Oklahoma City which is heated in the daytime by a combination 
of electronic equipment, lighting, and sun. ® water 

tank in the daytime enough heat to keep the **^*?’^8 
night. When they have to, they buy off peak electric power t 

suDolement the heat in the storage tank. 

^There are 101 tricks coming along in this field. The one of 
extracting heat from the middle of a large build ng such as a 
suburban department store and using it in the perimeter space 
is fairly common. 

Mr. Markus: This Is aU right If yourllghtlngsystem gives »« “o»t 
of its heat in the form of sensible 

Most lighting systems give out a good deal of direct radiant 
energy, and there is no way of removing that by any amount of 
ducting. If this is a large element of your heat iiyut you we 
eoine to get discomfort. If you convert radiant heat by heat 
absorbing filters and covers into sensible heat and Immediately 
remove it, it can work but you reduce lighting efficiency. Then 
you have to increase your li^t input to get the same amount of 
light out. It is a vicious circle. 

Mr Wright: Mr. Fisher would probably assert that they have re- 
covered about 60% of the heat from open bottom fixtures with 

fluorescent lamps in them. 

Question from audience: Will a louvered aluminum insect screen 
stand iqp in the form of a roller shade? 

W. Schreckengast, Kaiser Aluminum; The manufacturers don’t rec- 
ommend rolling and rerolling it. 
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Mr. Victor Olgyay, Princeton University: We have done some recent 
work on sunshading and the effectiveness of different shading 
devices. Outside shading devices are from 20% to 40% more ef- 
fective than inside shading devices, because they intercept the 
sun before it reaches the glass. Plastic sheeting materials can 
be applied on the glass, but they don’t work very efficiently; the 
metallic coatings on the glass have a 20% higher efficiency. Out- 
side shading devices which are movable are the most effective. 
Our studies have shown, based on medial values, that shading 
devices may be rated in this order: outside movable shading de- 
vices (most effective), metal blinds, shade screens, outside fixed 
shading devices, outside awnings, trees, coatings on glass sur- 
faces, insulating curtain, tinted glass, roller shades, and Venetian 
blinds (least effective). 
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College and University Research Reports, 1961, 18 p„ mimeo., 

$1.50 ^ 

Doc um entation of Building Science Literature, No, 791, 1960,46 p.. 



$2.00 

New Building Research, Fall 1960, No, 910, 1961, 86 p., $6.00 
New Building Research, Spring 1961, No. 986, 1%2, 172 p., $10.00 
Proposals for New Building Research, No. 831, 1960, 72 p., $4.00 



COLOR 

Identification of Colors for Building, No. 1001, 1962, 68 p., $6.00 
COMPONENT CONSTRUCTION 

Development Problems with Component Construction, 1961, 22 p„ 
mimeo., $2.00 
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Preassembled Building Components, No. 911, 1961, 180 p., $8.00 

Prefinishing of Exterior Building Components, No. 993, 1962, 
94 p., $6.00 

Sandwich Panel Design Criteria, No. 798, 1960, 209 p., $8.00 
COST ANALYSIS 

Methods of Building Cost Analysis, No. 1002, 1962, 80 p., $8.00 
CURTAIN WALLS 

Design Potential of Metal Curtain Walls, No. 788, 1960, 84 p., 
$5.00 

Metal Curtain Walls, No. 378, 1955, 190 p., $4.00 
Sealants for Curtain Walls, No. 715, 1959, 82 p., $3.00 

DOORS 

Public Entrance Doors, No. 948 1961, 93 p., $6.00 
FASTENERS 

Mechanical Fasteners in Building, 1959, 26 p., reprint, 25^ 
Mechanical Fasteners for Industrial Curtain Walls, No. 916, 1961, 
24 p., $3.00 

Mechanical Fasteners for Wood, No. 1003, 1962, 84 p., $8.00 
FLOORING 

Installation and Maintenance of Resilient Smooth- Surface Flooring, 
No. 597. 1958, 145 p.. $5.00 

HEATING 

New Methods of Heating Buildings, No. 760, 1960, 138 p., $5.00 
ILLUMINATION 

Building Illumination: The Effect of New Lighting Levels, No. 744, 
1959 93 p*t $5#00 

Plastics' in Building Illumination, 1958, 100 p., $3.00 
MASONRY 

Modern Masonry: Natural Stone and Clay Products, No, 466, 1956, 
163 p.. $4.50 

Insulated Masonry Cavity Walls, No, 793, 1960, 82 p., $4,00 
MODULAR COORDINATION 

Current Status of Modular Coordination, No. 782, 1960, 30 p., $2.50 
NOISE CONTROL 

Noise Control in Buildings, No. 706, 1959, 136 p., $5.00 
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NUCLEAR DESIGN 

Design for the Nuclear Age, No. 992, 162 p., $10.00 

OPERATION AND MAINTENANCE 

Performance of Buildings, No. 879. 1961, 90 p., $5.00 
Workshop on Windows, 1959, 20 p., reprint, 25^ 

PAINTS AND COATINGS 

Field Applied Paints and Coatings, No. 653, 1959, 142 p., $5.00 
Finishes for Metals: Paintability of Galvanized Steel and Corro- 
sion Resistance of Metallized Coatings, No. 1005, 1963, 48 p., 
$6.00 

Paints and Coatings: Field Surface Preparation, Field Application 
Methods, Water Thinned Materials, No. 796, 1960, 72 p., $5.00 
Prefinishing of Exterior Building Components, No. 993, 1962, 94 p., 
$6.00 

PLASTICS 

Performance of Plastics in Building, No. 1004, 1963,174 p., $10.00 
Plastics in Building, No. 377, 1955, 149 p., $5.00 
Plastics in Building Illumination, 1958, 100 p., $3.00 
Plastics for Roof Construction, 1957, 125 p., $3.00 
Information Requirements for Selection of Plastics for Use in 
Building, No. 833, 1960, 33 p., $3.00 
Intersociety Reports on Plastics in Building Activities, No. 978, 
1962, 66 p., $5.00 

ROOFING 

Plastics for Roof Construction, 1957, 125 p., $3.00 
Requirements for Weatherproofing Thin Shell Concrete Roofs, 
No. 972, 1962, 47 p., $5.00 

SERVICE SYSTEMS 

Floor-Ceilings and Service Systems in Multi-Story Buildings, 
No. 441, 1956, 141 p., $4.00 

SPECIFICATIONS 

Specifications Workshop, Architectural and Electrical-Mechanical, 
1957, 28 p., $2.00 

STRUCTURAL FOAMS 

Structural Foams, Organic and Inorganic, No. 892, 1961, 83 p., $5.00 
WINDOWS 

Windows and Glass in the Exterior of Buildings, No. 478, 1957, 
176 p., $5.00 

Workshop on Windows, 1959, 20 p., reprint 25^ 
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Building Science Directory 

The only document of its kind in the field of building science, 
the Building Science Directory is a handy reference for ®^ces 
of information on research and technical developments in the build- 
ing industry. It is completely indexed and is kept up-to-date by 

means of annual supplements. , 

Listed in the Directory are associations and societies of the 
building industry, as well as private research and testing facilities, 
colleges and universities, and public agencies engag^ in bulling 
research. Individual data sheets are provided to give detailed 
Information on structure, programs, and publications of the Di- 
rectory entries. The index is arranged by name and subject matter. 

The Building Science Directory is distributed to members with- 
out charge. Non-members may purchase the basic document for 

$35«00« 

Building Science News 

The monthly newsletter of the Institute, the Building Science 
News, is distributed to members only. It reports on Institute 
activities and building research news of Interest to BRI menaters. 
A special feature included with the newsletter is a two-page digest 
of recently published literature in the building sciences, entitled 
Selected Research Reports. Both the Building Science News and 
the Selected Research Reports are punched for a three-ring binder. 



The BRI Standing Order Plan 

To assure the receipt of one copy of each new BRI publication 
as it comes off the press, libraries or others interested may en- 
roll in the BRI Standing Order Plan. Books will be automatically 
mailed from the BRI office as they are issued. Billing will be 
April 1 and November 1, at a 25% discount from the list price. 
Enrollment may begin at any time. Detailed Information will be 
sent upon request from the Building Research Institute, 1725 De 
Sales Street, N.W., Washington, D. C., 20036. 



The Building Research Institute 

The building Research Institute is an independent forum for 
the interdisciplinary exchange of building science information. 
It has as its objective the advancement of the science of build- 
ing and the arts and technologies which it comprises. 

The Institute is supported by its membership, consisting 
of both individuals and organizations. It provides a meeting 
place for many different groups. Among these are architects, 
engineers, builders, manufacturers, contractors, building own- 
ers, and technical representatives of industry, educational in- 
stitutions, and government agencies. 

The programs of the Building Research Institute include 
sponsoring conferences, workshops, and committees where 
building scientists may present reports on building research, 
discuss research problems, and uncover areas for further in- 
vestigation which will contribute to better building. Results 
of these discussions are then published and distributed as a 
member Licrvice and sold in this country and abroad. In addi- 
tion to research reports, BRI publishes the Building Science 
News, a monthly newsletter, and the Building Science Direc- 
tory, a guide to organizations currently conducting research. 

BRI, founded as a unit of the National Academy of Sci- 
ences-National Research Council in 1952, became an independ- 
ent technical society in 1962. It maintains the status of a co- 
operating society with the NAS-NRC, assigned to the Division 
of Engineering and Industrial Research. 

The Building Research Institute headquarters in Wash- 
ington acts as the coordinating center for all BRI activities. 
Requests for information about membership, publications, and 
general business procedures should be addressed to Milton C. 
Coon, Jr., Executive Vice President, Building Research Insti- 
tute, 1725 De Sales Street, N.W., Washington, D.C. 20036 






